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THE CLEVELAND GAS FIELD, CUYAHOGA COUNTY, OHIO, 
WITH A STUDY OF ROCK PRESSURE. 


By О. Бневвовхе Roerrs, 


INTRODUCTION. 


Ohio has long been a large producer of natural gas, but the com- 
mercial exploitation of the gas resources of Cuyahoga County, in 
the northeastern part of the State, is comparatively recent. The 
development of the Cleveland field began early in 1912 with the 
completion of several successful wells in the western part of the 
city of Cleveland. Within four years more than 900 wells, most 
of which were successful, had been completed in an area of about 
25 square miles. The excessively close drilling in many parts of 
this area has resulted in a rapid decline of the output of individual 
wells, and the older part of the field is destined to be short lived. 
The field is of interest because of its immediate proximity to a 
great manufacturing city that has long been a consumer of large 
quantities of natural gas, and the uneconomie character of its de- 
velopment is thus especially unfortunate. 

Most of the wells in the Cleveland field draw their supplies from 
the so-called Clinton sand, which is a productive reservoir of gas 
in a belt extending from north to south through the east-central 
part of the State. (See index map, Pl. I.) Although no evidence 
has yet been found to show that the Cleveland field is directly con- 
nected with these fields, it is at the northern extremity of the same 
structural belt and is therefore related to them geologically, Dur- 
ing the later half of 1915 the Cleveland field was extended some- 
what to the southwest, and prospecting is now most active in that 
direction. A small pool has been developed just south of Berea, 
which lies 14 miles southwest of Cleveland, and further extensions 
in that direction would serve to connect the Cleveland field with 
the belt of fields to the south. 

The writer spent half of July, 1915, and a week in June, 1916, 
examining the Cleveland field. As the field was already largely 
developed, it was not deemed advisable to study the structure in 
great detail; the exact altitudes of the wells were therefore not 
determined by actual survey, but were measured by an aneroid 
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barometer or were simply estimated from the Geological Survey's 
topographie maps of the Berea and Cleveland quadrangles, with a 
probable range'in accuracy of 5 to 20 feet. No attempt was made 
to map or study the rocks that crop out at the surface, as an exami- 
nation of their structure would not show with accuracy the attitude 
of the Clinton sand below. 

The writer takes pleasure in acknowledging his indebtedness to 
Mr. R. W. Gallagher, Mr. E. M. Werner, and other officials of the 
East Ohio Gas Co., who furnished the logs of many wells and in- 
formation concerning the location, date of completion, and initial 
rock pressure and open flow of most of the wells in the field. Special 
thanks are also due to Mr. S. S. Wyer, of Columbus, Ohio, for data 
of a similar kind; and to Mr. C. J. Weideman, of the Rocky River 
Development Со.; Mr. S. S. Hulse, of Cleveland; the Berea Pipeline 
Co.; the Rushville Drilling Co.; and many other companies and 
persons for well logs and general information. 


HISTOKY AND DEVELOPMENT. 


In 1885, or soon after the famous discovery of gas at Findlay, 
Ohio, a well was sunk to a depth of 3,000 feet in Newburg, just south- 
east of Cleveland. Only a small flow of gas was encountered, but 
the discovery of salt in this well may be regarded as the beginning 
of the salt industry in northeastern Ohio. One or two other wells 
drilled in Cuyahoga County in the next few years were unsuccessful 
in finding gas or oil, and the territory was not regarded as promis- 
ing. Between 1900 and 1910 prospecting became more active, espe- 
cially in the western part of the county, but none of the wells found 
commercial flows of gas. 

In the early part of 1912, however, four good wells were completed 
in the Clinton sand at the plants of the Winton Motor Car Co. and 
the National Carbon Co., near the western limits of the city of Cleve- 
land. Other manufacturing firms began drilling shortly after, and 
during 1912 and 1913 about 40 wells were completed, 97 of which 
were successful. Most of the successful wells were drilled on factory 
sites within or close to the city limits; it is rather curious that most 
of the wells drilled farther west, near what has since proved to be 
highly productive territory, happened to be located in small barren 
areas and were dry. | 

The general success of the earlier developments near the city at- 
tracted widespread attention, and late in 1913 drilling activity be- 
came very pronounced. During 1914 some 300 wells were completed 


11п the Cleveland field a well having an initial daily open flow of less than 250,000 
cubie feet is generally considered dry, and this usage is followed in the present report, 
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in the westerly suburbs of Cleveland known as Lakewood and West 
Park. Most of the drilling was done by individuals or small com- 
panies controlling one or more suburban lots, and consequently the 
wells in many localities were closely crowded together. In some 
places wells were sunk within 100 feet of one another on lots scarcely 
large enough to accommodate the drilling rig. The fairly uniform 
distribution of the gas, the regularity of the strata, and the general 
absence of water except at certain well-defined horizons, making 
drilling comparatively simple, together with the proximity of the 
field of operations to a great center of supplies and the low cost of 
hauling over paved roads and streets, all combined to reduce the 
cost of drilling and to make the investment attractive and appar- 
ently sound. The rapid decline of the earlier wells was not taken 
seriously and seemed to act as a stimulus to further drilling rather 
than as a deterrent. 

The areas first drilled were those nearest to the west line of the 
city. Near the shore of Lake Erie the development started within 
the city limits and extended rapidly as far west as Giel Avenue. 
Most of the drilling west of this locality has been more recent, and 
the wells are not as closely crowded. Another center of the westerly 
development is on the west line of the city between Lorain Avenue 
and the Lake Shore & Michigan Southern Railway tracks. In this 
locality the wells are very closely spaced, one tract of about 70 acres 
containing 37 wells. From this district the development extended 
toward the west, chiefly in the area between Lorain and Madison 
avenues. Most of the land in this area had not been subdivided into 
lots, and the wells are not as closely crowded as near the city limits. 
In the early part of 1915 a number of excellent wells were completed 
just west of Rocky River, and since then a narrow strip of productive 
territory extending 4 miles westward along Center Ridge Road has 
been outlined. During the same period development extended south 
of Lorain Avenue, and a number of successful wells were drilled in a 
belt extending on both sides of the Lake Shore & Michigan Southern 
Railway tracks nearly to the south border of West Park Township. 
Late in 1915 the prolific Brook Park pool, lying partly in West Park 
and partly in Middleburg Township, was developed, and this pool 
seems to be now well outlined. 

The great majority of the wells throughout the area described have 
had an initial production in excess of half a million cubic feet daily 
each, and a great many produced initially between 8,000,000 and 
10,000,000 cubic feet. Few of the wells are long-lived, however, and 
at the present time about two-fifths of the successful wells have been 
abandoned. As the life of a gas well depends largely on the size of 
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the territory that it drains, the decline in the older and thickly drilled 
portions of the field has been especially rapid, and the life of the 
average well has probably not been more than 12 months. The wells 
in the western and southern parts of the field are less closely spaced ; 
few of them have yet been abandoned and it is probable that their 
average life will be considerably over two years. 

Within the city limits the development of the Clinton sand has 
been restricted chiefly to the area lying north of Lorain Avenue and 
west of West Boulevard, which forms the eastern edge of the districts 
described above. There are a few wells south of the city line, in the 
area between Linndale and Brooklyn, and several of these report a 
small production of oil. 

Most of the wells within the city obtain gas from the so-called 
Newburg sand, which is higher than the Clinton. Several wells fin- 
ished in this sand during 1913 gave only small flows, but in February, 
1914, a well credited with an initial flow of 12,500,000 cubic feet was 
completed at the Stadler Rendering & Fertilizing Co.’s plant, on 
Cuyahoga River just north of the mouth of Big Creek. In March 
two other good wells were brought in, and within six months 68 wells 
had been drilled in the immediate vicinity. During the summer of 
1915 another pool was developed in the Newburg sand near the inter- 
section of Walworth Avenue and West Twenty-fifth Street, about 2 
miles north of the pool first discovered. 

A number of wells have been drilled at various times along the 
east bank of Cuyahoga River and most of them have found small 
supplies of gas in the Newburg sand. A few wells have also been 
drilled in the eastern part of the city, but none of them found com- 
mercial supplies of gas, and Cuyahoga River may therefore be re- 
garded as the general eastern limit of the Cleveland field at the pres- 
ent time. 


STRATIGRAPHY. 
GENERAL SECTION, 


The rocks that crop out in the Cleveland field are of Mississippian 
and late Devonian age, but those penetrated by the drill include 
formations down to the Ordovician. For the information of those 
not familiar with the geologic section of this part of Ohio, and for 
convenience in interpreting the well logs of this field, the following 
table of formations is given. The thicknesses of the upper formations 
have been taken from published reports on the geology of this region; 
those of the lower formations are derived from a study of logs of 
wells in the immediate field. 
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Generalized section of rocks in the Cleveland gas field, Ohio. 


mus Group orforma- | Thickness MEAS | Driller's descrip- 
System. tion. in feet. Character. tion. 
Quaternary (Pleis- i i ? Boulders, pebbles, sand, and ; 
tocene series). Glacial drift. ШЕ clay. 4 : з Drit 
i i Medium to coarse grained 
Carboniferous (Mis- Е Б Е XEM. + 
sissippian series). Berea sandstone. 40-150 WC buff, or brown sand- | Berea grit. 
А ^ Bluish-gray to reddish shale, 
Devonian or Car- г К т i in laver: 
boniferous; Bedford shale. 60-80 aee thin layers of 
a Massive hard black bitumi- 
етеш 50-120 nous shale with a few bluish 
А : í layers in lower portion. 
EHE Ohio shale, 1,100- 
Я Е 1,400 feet. 
ees Soft bluish-gray clay shale, 
з [9 Ire with some concretionary 
Е =з 2 1ауегз. 
u 
©рт =т= 8,200 
5 Black and bluish shale in 
ў upper and lower portions 
Devonian. Huron shale with a band of gray shale 
near middle, 
Olentangy (?) shale, 80 | Gray calcareous shale. 
Delaware lime- 
stone, 
ко Blue and gray limestone, be- 
AU dolomitie in Noe 
Я MEE art. Contains а 30 $0 50 100% 
шае lime: 500-700 ed of white quartz sand- e ә 
ack stone 350 to 450 feet below | Big lime [includes 
Unconformity—— top. Newburg sand 
and some “stray” 
Monroe formation. sands in lower 
300 feet], 1,425- 
1,825 feet. 
Г он а Shale, dolomite, anhydrite or 
Salina formation. 400-600 gypsum, and rock salt. 
Niagara limestone, 400-600 | Dolomite and limestone, 
^ [Ineludes Little 
Silurian. lime], 75-150 feet. 
or » Caleareous shale and thin-| 
“Clinton” forma- 15.256 | bedded limestone, with sand- | Clinton sand, 0-60 
n stone layer in lower part. feet. 
25-75 feet. 
“ inaa р Red clay shale with thin layers ; 
Medina” shale. 300-400 brSandstone. Medina red rock. 
Shale and lime- Dark shale with thin layers of 
stone of Cincin- | 1,100-1,250 | limestone, especially in up- | Slate and shells. 
natian age, per part. 
Ordovician. 2 уык: 
Trenton (t) lime- (?) Limestone. Trenton lime. 


stone. 


eo Cl 
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A mantle of glacial drift of variable thickness overlies the Car- 
boniferous and older rocks in the area here described. Practically 
all the wells start in the Chagrin or the Cleveland shale, and. only 
two of them penetrate far below the * Clinton" formation. 'The 
Chagrin, Cleveland, and Bedford shales are well exposed in the 
vicinity of Cleveland, but the Berea sandstone has been removed by 
erosion from this locality and does not extend far north of the 
town of Berea. The rocks exposed at the surface dip very gently 
to the south or southwest, but the Clinton sand dips to the east. 


WELL LOGS. 


In order to show in more detail the character and thickness of the 
formations in the Cleveland field the following well logs, together 
with their geologic interpretation, are given. The log of the deep 
well of the Park Drop Forge Co. furnishes a detailed record of the 
formations down to the Trenton (?). The second log, which is 
typical of most of those in the field, shows the “ Clinton” formation 
in particular detail. 'The third and fourth logs give the position 
of the Newburg sand and the character of the Big lime. The fifth 
shows the total thickness of the shale formations between the Berea 
sandstone and the Big lime, and the sixth is included to show in 
detail the character of these formations. 


Logs of wells in Cleveland gas field. 


Park Drop Forge Co.’s well, East Seventy-ninth Street and New York Central Railroad 
tracks, Cleveland. 


Таа Дас ын, Thick- oor ; Thick- 
Driller’s description. зире Depth. Equivalent formation. TEE 
Feet. Feet. T'eet. 
Sand and blwe clay...................-. 100 100 
ee and quicksand (water at 148 110 210 
eet). 
Blue clay (water at 230 feet)............ 45 255 А : 
Gravel and fire clay.....--....... A 30 285 | (Glacial агї®..........................- 401 
Fire сау 099703 ЛЕ e 25 310 
Fire clay and gravel............ а 65 375 
Graveland shale......... 26 401 
Shale (water at 432 feet). . 24 425 
Blue shale (little gas at 75; 420 845 |; Ohioshale group and Olentangy? shale. 604 
Shale 160 | 1,005 
Lime, very hard 77 | 1,082 |\Delaware, Columbus, and upper part 320 
Lime mixed with sand and 243 | 1,325 of Monroe formations, 
water at 1,320 feet). 
Lime and sand rock, some water 35| 1,360 | Sandstone member of Monroe forma- 35 
tion. 
AMO very пата иене 20 8 «929 35 | 1,395 
‚ Lime mixed with sand (salt water at 33 | 1,428 
1,420 feet). 
Blue lime, hard, some water........... 17| 1,445 
Lime mixed with sand...... . 28 | 1,473 |\Lower part of Monroe formation and 425 
Hard bluelime............. s 20| 1,493 upper part of Salina formation. 
Blue and gray lime......... 4 127 | 1,620 
Lime} пото E 4|! 1,024 
Limestone............... à 106 | 1,730 
каша EYE sar Е Fite 29 TEE 
alt and lime (pure salt at 1,850 feet). . › } А 
Salt streaked with lime.............+.- 147 | 2,005 17 Middle part of Salina formation....... 220 
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‘Logs of wells in Cleveland gas field—Continued. 


Park Drop Forge Co.’s well, East Seventy-ninth Street and New York Central Railroad 


tracks, Cleveland—Continued. А 
"да Адамын Thick- Py op eae я Thick- 
Driller’s description. аў Depth. Equivalent formation. mss) 
Feet. Feet. Feet. 
Slate and lime 25 2,030 |} 
ое 75 2,105 
Slate and lime. ES -| 121 2,226 
Hard lime .| 209 2,435 ||Lower part of Salina formation and 730 
ues bum sandstone (water at 2, 056 | 245 2,680 Niagara limestone. 
ее 
ОЕ ОТ СЕС А 18 2,698 
Limestone..... 37 2,735 
Gray slate and lime shells.............- 65 2,800 
Sand LOCK ызы ее СЕЕ 30 2, 830 
C)imtonsandil- ee ис E RE ee 38 2,868 | Clinton" ГогтаМоп................-- 235 
Sand and зІабе...........-....--------- 50 2,918 
ара and shells;...:-2225-- 9 75 2 05-7 E 2,970 
edina red госк.........-.-..--....---.- 0 3, 100 Да Ina Dahe 

Medina red rock ai | 965 3,365 } Medina” 5һа1е..................----- 395 
Gray slate and lime shells. z 83 3,448 
Gray plato siis e$. 7 97 3,545 
Slate and lime shells... .......-- .| 105 3,650 ‚ 
Өрт к сы ыча нан 3-3 -| 115 3,765 || Limestone and shale of Upper Ordo- | 1,117 
Slate and lime shells............-- -| 140 3,905 vician (Cincinnatian) age, 
Бтаге ы Вата аба I T 1270) 3,975 
Brown 519+... ааа ене E 56 4,031 
Slate with lime shells, .......-...- | 451 4,482 
Trenton sand and rock. .........-...--- 544- 4,536 | Trenton (?) limestone..........------- 544- 


Sophia Schupp well No. 1 (well 59, fig. 2). 
[Completed April 6, 1915.] 


Е те е аа cuc op 82 ВОРА lit vit С а 82 
С (ЕЕ a a аза EE CELOS 938 | 1,020 E fee group and Olentangy(?) 938 
shale, 
Limestone, carrying water at 1,284, | 1,415 | 2,435 | Delaware, Columbus, Monroe, Salina, 1,415 
1,314, 2,212, and 2,390 feet. and Niagara formations. 
Shale 57 | 2,492 
Limestone. . 41 | 2,533 
Shale Е 16 | 2,549 
Clinton sand E 16 | 2,565 | "Clinton" formation. ..........- «esee 198 
Shale.. E 10| 2,575 
Whites з ДЗ 10| 2,585 
Shale " 48 | 2,633 


National Carbon Co.’s well No. 2, Berea Road and West One hundred and Seventeenth Street. 


[Completed February, 1912.8 


25 951 етте В ерове ен вее еа 25 
. 1,156 1, 181 а group and Olentangy(?) | 1,156 
shale, 
559 1,740 | Delaware and Columbus limestones, 559 
Monroe and probably part of Salina 
formations. 
Salt 25 1,765 
Limestone. ся 70 1,835 
Salt Аў Ра] 1, 855 ч 
Limestone. ..| 140 1,995 | Salina formation (middle part)... ....- 290 
Salt са 15 2,010 
Limestone. ad Ake 2,020 
Salt 10 2,030 
Limestone, carrying water at 2,530 feet..| 57 2,600 | Niagara limestone and probably lower, 570 
part of Salina formation. 
Shales sason еек s ann 83 2, 683 
i i i И P ; 
e cad lime). Е, 29 2, б “Clinton” formation. ................ 1344- 
Clinton 134- 2; 734 
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Logs of wells in Cleveland gas field —Continued., 


Barkwell Brick Co.’s well No. 1, Cleveland. 


1 fart Thick- а m. Thick- 
Driller's description, еза? Depth. Equivalent formation. TAT 
Feet, Feet. Feet. 
HO E qae t ere m b т a one неа 1,190 1,190 | Ohio paus group and Olentangy (?) | 1,190 
shale. 
Limestone, carrying water at 1,500 feet. .|1, 280 2,470 | Delaware, Columbus, Monroe, Salina, | 1,280 
NES ; 3 and part of Niagara formations. 

OW DUNE зада, 15 485 \ ‚рсы! ҮТ б 
Limestone, carrying water at 2,065 feet..| 235 2, 720 Lower part of Niagara limestone... ... 250 
Blue slate.. 15 2,735 
Red rock....... 25 2, 760 
Limestone (Little lime). ..............- 17 2,777 
Slate and shells............------------ 49 2,826 
Clinton sand: а 

l , $ 32 
куыш S ARM seis ceed tag СЫ ЧОРЫ E 2, m “Clinton” іогаайоп.................. 1604- 
Pink вада ссе 2:9... сватае 6 2, 856 
Но sand Е IUE UE 6 2, 862 
Wto або ro mom ER ese ee sees ek! 6 2, 868 
Broken sand and slate.................. 6 2,874 
Blate апа shells? 25:2 00000271 64- | 2,880 
Well near fair grounds, Berea. 
Gravel and sand... 10 LOM Glacial drift өг eec teres EE 10 
Berea sand 82 92 | Berea sandstone..................... № 82 
Shale.......-.. 1,228 1,320 | Bedford shale, Ohio shale group, and | 1,228 
Olentangy (?)shale. _ 
Big lime, carrying water at 1,630, 2,492, |1, 410 2,730 | Delaware, Columbus, Monroe, Salina, | 1,410 
and 2,570 feet. and Niagara formations. 
Ва 31 2, 761 
Little lime. ае а еа 19 2, 780 y 
Shale aaen aAa andes AA 51 2, 831. | > Clinton? formation. ..-.....----.-.-. 193 
Clinton sand аза аа 24 2,855 
Bhale and stud а 68 2,923 | 
Meéding red LOCK ЕЕЕ 7+ | 2,930 | * Medina" formation. ................- 7+ 
Wade well, corner of Euclid and Case avenues, Cleveland." 
Drift beds uev ее 300 800 || Glacial ат ен ета» калла лла SENS 300 
Віце бна MEE dee E 10 310 
Black аһа] Е 40 350 
Татко сасна аа аа 25 375 
Dark shale (somewhat lig 40 415 
Gray shale............... 30 445 
Аскар : 
d ss t WE Chagrin and Huron shales............- 550 
Black shale (containing Sporangites)....| 15 655 
Стань. 60 715 
Black shale (Sporangites abundant). . .. 15 730 
Gray shale 65 795 
Black shale............ 55 850 
Gray shale, calcareous. . >> 80 930 | Olentangy ? shale........ А 80 
тео РЕР НЕО 117 1,047 | Delaware and Columbus limestones...) 117 


а Orton, Edward, The Ohio shale as a source of oil and gas in Ohio: Ohio Geol, Survey Rept., vol. 6, 


р. 429, 1888. 


SUBDIVISIONS. 


The foregoing well logs taken together furnish a fairly detailed 
section of the rocks underlying the Cleveland field. In most well 
records, however, only the major lithologic units are distinguished, 
and the following brief description of the several formations is there- 


fore based on the divisions commonly recognized by the driller. 
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Ordovician rocks —Only two wells in the Cleveland district have 
penetrated far into the Ordovician rocks—the Park Drop Forge’ 
Co.’s well, the log of which is given above, and the Cleveland Twist 
Drill Co.’s well, which is in the same part of the city. The log of the 
Drill Co/s well shows 1,265 feet of the shale and shells between the 
* Medina" and the Trenton (?), as against 1,117 feet in the Forge 
Co.’s well. So far as known the limestone called Trenton in these 
logs was so named merely on the basis of its general character and 
position, and this discrepancy suggests that the identification in one 
or both logs may be erroneous. Both logs agree in reporting the so- 
called Trenton as barren of gas. Whether or not the true Trenton 
was reached the great depth at which this formation lies in the Cleve- 
land field places it outside of the range of ordinary drilling. 

* Medina red rock.” —Next above the Ordovician shales and lime- 
stones is the Medina red rock of the drillers. This formation, as 
described in the logs, consists chiefly of soft bright-red shale with in- 
terbedded layers of gray or red sandstone. A number of wells that 
fail to find a gas-bearing stratum in the overlying “ Clinton” forma- 
tion extend a few feet into the upper part of the “ Medina,” but only 
three wells penetrated the whole formation. The logs of the two 
deep wells referred to above, both in the northeastern part of Cleve- 
land, show thicknesses of 295 and 356 feet, and that of the Gray well, 
2 miles northwest of Berea, shows a thickness of 345 feet. 

“Olinton” formation—tThe character of the so-called “ Clinton” 
formation is well shown by several of the logs given above and by the 
sections on page 18. It is made up largely of shale, probably cal- 
'areous, but contains several thin beds of hard limestone, and in most 
localities one or more layers of sandstone. One of these layers, which 
generally occurs 35 to 50 feet above the top of the “ Medina,” is 
the well-known Clinton sand of the drillers. It is a gray to red 
quartz sandstone, which in some localities contains lenses of shaly 
material and in others is “broken” by harder impervious layers. 
* Stray" sands are occasionally reported above the Clinton, and in 
the southern part of the field a layer of red sand appears to underlie 
it. The limestone layers above the Clinton sand are generally thin 
and hard and are reported by the driller as shells, but in some logs 
one of them is distinguished as the Little lime. Most of the * Clin- 
ton” formation is gray, but some of the beds have a pink or red tinge. 
The total thickness of the formation is variable, but generally ranges 
between 150 and 200 feet. 

The “Clinton” formation crops out in west-central Ohio, but a 
short distance west of the Cleveland field the Clinton sand itself 
feathers out and is known only from well records. 


1 Prosser, C. S., The Devonian and Mississippian formations of northeastern Ohio: Ohio 
Geol. Survey, 4th ser., Bull. 15, р. 480, 1912. 
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When gas was first discovered in these rocks at Lancaster the 
formation was thought to be the equivalent of the Clinton forma- 
tion of New York. Later studies have shown that the beds lie below 
the true Clinton and probably belong to the Medina group. As the 
term “ Clinton” sand is now too well established among the drillers 
to be supplanted, and as no other name for the formation that con- 
tains this sand has yet been generally accepted, the term “ Clinton” 
formation is retained in this paper in conformity with current usage. 

Big lime.—The Big lime consists of a series of limestone, dolo- 
mite, salt, and gypsum beds, which, in the Cleveland field, aggregate 
from 1,425 to 1,825 feet in thickness. The upper and lower parts of 
this series consist chiefly of limestone and dolomite; the middle part 
contains the salt and gypsum. : 

The lower portion of the Big lime consists of hard light-gray 
magnesian limestone, or dolomite, averaging about 500 feet in thick- 
ness. Most of it is of Niagara age, but some of the upper beds prob- 
ably belong to the Salina formation. About 200 feet above the base 
of the Niagara is the so-called Newburg sand, which is not a true 
sand but merely a porous layer in the ordinarily massive dolomite. 
'The * stray " sands occasionally reported as occurring in these strata 
are probably of similar character. In most of the wells salt water 
is encountered at about 75 feet above the base of the Niagara and 
also at 200 to 300 feet above the base. 

The middle portion of the Big lime, which consists of limestone, 
salt, and gypsum or anhydrite, is essentially the same as the Salina 
formation. The upper and lower portions of the Salina as recorded 
by drillers can not be distinguished from the underlying and over- 
lying limestones, and as the thickness and distribution of the salt 
beds are irregular that part of the Salina that can be identified in 
well records is variable in thickness. From one to four beds of salt 
are generally reported by the driller, and in some localities the total 
thiekness of salt may reach 195 feet. 

The upper portion of the Big lime ranges between 500 and 700 
feet in thickness and includes the Monroe formation and the Colum- 
bus and Delaware limestones. In many well records this series of 
strata is not subdivided, but detailed logs record a sandstone layer 
between 350 and 450 feet below the top. This sandstone, which oc- 
curs in the Monroe formation and is generally called the Sylvania 
sandstone, has been identified at a number of points in northeastern 
Ohio. In a few localities it is known to carry small amounts of oil 
or gas, and in other places shows of gas have been reported from the 
upper part of the Big lime at about this horizon, but the sandstone 


1 Prosser, C. S., op. cit, 
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has not proved to be as productive a reservoir as was once thought.* 
The sandstone is overlain by the massive dolomite strata composing 
the upper part of the Monroe, above which is a thinner-bedded lime- 

stone that is known in Ohio as the Columbus but is believed to be the 
equivalent of the Onondaga limestone of New York. Overlying the 
Columbus and forming the top of the Big lime is the Delaware 
limestone, a rather thin-bedded formation which generally can not 
be distinguished in well records from the Columbus. Salt water is 
usually encountered at one or two horizons in the upper part of the 
Big lime, and some wells report water at about the horizon of the 
sandstone of the Monroe formation. 

Ohio shale of drillers.—The Big lime is overlain by a considerable 
thickness of dark-blue or black shale, which is known to the driller 
as the Ohio shale. In most well records the individual strata are 
not distinguished, but in the log of the Wade well given on page 8 
the beds are described in detail. This shale occupies the entire inter- 
val between the Delaware limestone and the Berea sandstone, and in 
the Cleveland field it ranges in thickness from 1,100 to 1,400 feet. 
Most of the wells start below the top of the shale, however, and pass 
through only about 1,100 feet before reaching the Big lime. 

The lowest formation of this shale series 15 probably the Olentangy 
shale, which is characteristically gray and calcareous. It is easily 
recognized in the central part of the State, but its identification in 
the Cleveland district rests chiefly on the record of the Wade well, 
which shows 80 feet of gray shale at about the horizon of the Olen- 
tangy. The Olentangy if present is overlain by the Ohio shale 
group, which consists of the Huron, Chagrin, and Cleveland shales, 
These formations can be differentiated at the outcrop, but in most 
well records they are indistinguishable. The upper part of the 
Chagrin shale is exposed in the cliffs along the lake shore at Cleve- 
land, and the Cleveland shale is well exposed in the banks of Rocky 
River at the western edge of the field. The Ohio shale group is over- 
lain by the reddish Bedford shale, which crops out in Big Creek and 
also near Berea and which is above the horizon where most of the 
wells start. 

Berea sandstone.—The Berea sandstone is a remarkably persistent 
formation, averaging about 75 feet in thickness, and is one of the 
best and most widely known horizon markers in Ohio. It crops out 
at the town of Berea, where it is extensively quarried. As it is not 
present in the main Cleveland field it is recorded only in the logs of 
a few wells near Berea. 


1 Мей, Peter, The Sylvania sandstone in Cuyahoga County, Ohio: Geol, Soc. America 
Bull., уо]. 1, pp. 31-38, 1889. 
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CHANGES IN THICKNESS. 


Most of the formations underlying the Cleveland field are not con- 
stant in thickness, and some of them, as indicated in the table on 
page 5, change considerably from place to place. In some of the 
formations the variation in thickness is irregular, but in others a 
fairly regular change in one direction or another may be observed. 
The net result of these changes is a marked eastward thickening of 
the formations overlying the Clinton sand. This condition is eco- 
nomically important, for 1 means that wells drilled at points east 
of Cleveland must penetrate a considerably greater thickness of rock 
before reaching the Clinton sand. 

Throughout the Cleveland field and for some distance to the east 
the Berea sandstone and Bedford shale maintain a fairly constant 
combined thickness. The Cleveland shale becomes thinner toward 
the east, being over 90 feet thick on Rocky River, at the western 
edge of the field, about 55 feet on Doan Brook, near the eastern 
edge, and only 17 feet near Painesville, in Concord Township, Lake 
County, about 27 miles farther east.' This decrease, however, is 
more than compensated by the increase in thickness of the under- 
lying Chagrin and Huron shales, which amounts to over 600 feet 
in the same distance and which continues at about the same rate 
as far east as the State line. The thickness of the limestone forma- 
tions constituting the upper part of the Big lime appears to be 
fairly constant as far east as Painesville, but east of that locality 
the Monroe formation decreases greatly in thickness. The Salina 
formation, on the other hand, is believed to thin markedly to the 
west of Cleveland. It is generally thought to disappear entirely at 
Elyria, though wells as far west as Oberlin encounter a few thin 
beds of salt? which may belong to this formation. Presumably 
because of this wedging out of the Salina to the west, the Big lime 
as a whole is some 400 feet thicker at Cuyahoga River than at 
Oberlin. It maintains about the same thickness from Cuyahoga 
River to Painesville, but east of that locality it decreases in thick- 
ness, because of the wedging out of the Monroe formation, and near 
Erie, Pa., it is some 600 feet thinner. The thickness of the shale 
and limestone beds between the base of the Big lime and the top 
of the Clinton sand is fairly constant over a considerable area, though 
locally it varies considerably. 

These variations in thickness are shown in generalized form in 
figure 1. The variation in a distance of 13 miles across the Cleveland 


1 Prosser, С. S., op. cit., рр. 241, 475. 
? Hubbard, G. B., Gas and oil wells near Oberlin, Ohio: Econ. Geology, vol. 8, p. 685, 
1913. 
3 Prosser, С, S. op. cit, pp. 411-421. 
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field, as deduced from a number of well logs, is shown on the correct 
horizontal scale, and in order to extend the comparison beyond the 
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field logs of wells near Oberlin, Lorain County, and near Paines- 
ville, Lake County, are added. 
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At Oberlin the shale formations between the Berea and the Big 
lime aggregate about 850 feet in thickness. At Olmsted Falls, near 
the southwest corner of the Cleveland field and about 17 miles east 
of Oberlin, they are 1,120 feet thick, and near Berea, 4 miles farther 
east, 1,228 feet. On Cuyahoga River, at the eastern edge of the 
Cleveland field, they are about 1,425 feet біск? At Painesville, 30 
miles east of Cuyahoga River, they aggregate about 1,750 feet, and 
in the central part of Trumbull County, 35 miles southeast of Paines- 
ville, about 2,400 feet; The average thickness of the Big lime at 
Oberlin is 1,184 feet, at Berea 1,425 feet, and on Cuyahoga River 
nearly 1,600 feet. The log of the Park Drop Forge Co.’s well, in the 
eastern part of Cleveland, shows a thickness of over 1,700 feet, but 
this may be only a local thickening. Near Painesville the Big lime 
is 1,580 feet thick, and its maximum thickness is therefore probably 
reached in the district between Cuyahoga River and Painesville. 

To sum up these variations, the shale formations increase markedly 
in thickness from Oberlin to the State line, whereas the Big lime 
increases only as far east as Lake County, beyond which it decreases. 
The interval between the Berea and the Clinton sand is about 2,100 
feet at Oberlin, 3,100 feet on Cuyahoga River, and 3,400 feet in Lake 
County and near the State line. 


STRUCTURE. 


Sedimentary rocks are generally deposited in a nearly horizontal 
position, but during slow earth movements the strata become more or 
less disturbed and are caused to incline or dip in one direction or 
another. The inclination or attitude of the rocks is known as geo- 
logic structure. A simple slope is called a monocline, an arch an 
anticline, and a trough a syncline. Where the structure is gentle, as 
in northeastern Ohio, it is best represented on a map by structure 
contours, which are lines connecting all points at which a given bed 
is the same distance above or below sea level. The structure of the 
Clinton sand is shown in Plate I by contour lines spaced at an 
interval of 20 feet, the datum being a plane 3,000 feet below sea level. 

It was impracticable to determine the altitude of the wells by spirit 
level; at most of them an aneroid barometer was used and for some 
the altitude was merely estimated from the topographic map. For 
this reason the delineation of the structure on Plate I can not*be con- 
sidered accurate within less than 15 or 20 feet, especially in the 
northern and eastern parts of the field. This degree of accuracy is 
probably as great as that of the ordinary well log, however, for steel- 


1 Prosser, C. S., op. cit., р. 496. 
“Orton, Edward, op. cit., p. 352. 
? Prosser, C. S., op. cit., p. 339. 
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line measurements of the depth of the sand have been made only in 
a few wells, chiefly in Middleburg Township. Moreover, the posi- 
tion of the Clinton sand in the so-called “ Clinton ? formation is very 
irregular, and where it is barren of gas its identification by the driller 
may be open to question. The structure of the Clinton sand as shown 
in Plate I is probably a combination of the true structure with the 
stratigraphic irregularity of the sand, but there is no reason to doubt 
that at least all the major structural features are delineated. 

The broader structural relations of the Cleveland field may be seen 
by reference to the small index map in Plate I, which shows in 
generalized form the structure of the Clinton sand throughout most 
of its productive area. The “Clinton” formation on the eastern 
flank of the Cincinnati anticline crops out in a band extending from 
north to south across Ohio and dips to the east beneath the great 
Appalachian coal basin. The Clinton sand does not crop out, how- 
ever, but feathers out in central Ohio, and the great central gas fields 
occupy a belt along the thinning edge of the sand. Within this belt 
the average dip is about 50 feet to the mile and the structure is 
broadly monoclinal, but there are many minor undulations in the 
general slope, and in places small though well-defined anticlines have 
been recognized. In northern Ohio the angle of dip appears to de- 
crease slightly and the direction of strike trends somewhat to the 
east. In Cuyahoga County the strike changes rather abruptly to the 
northeast, and in Geauga and Ashtabula counties it appears to be 
almost due east. Information as to the dip of the sand in this region 
is very meager, but the structure at Niagara, N. Y.,1 and in south- 
western Ontario? suggests that it is 30 or 40 feet to the mile. It 
should be borne in mind that the position of the Clinton sand with 
reference to sea level is controlled to a considerable degree by the 
variation in thickness of the overlying formations, and that because 
of the eastward thickening of the so-called Ohio shale structure con- 
tours on the Berea sandstone would be very different from those on 
the Clinton. Despite the uncertainty as to the structure of the sand 
under Lake Erie it 1s clear that the Cleveland field is located near the 
point at which the most abrupt change in direction of strike takes 
place. The field appears to be directly associated with a fairly well 
defined nose or bulge on the monoclinal slope, directly south of a 
trough which is presumably due to the buckling of the strata under 
Strains attending the change in strike. 

The larger map showing the structure of the field in detail covers 
approximately the area involved in the nose referred to. The axis of 
this nose runs eastward through the north-central part of the field, 


== 


1 Kindle, E. M., and Taylor, Е. B., U. S. Geol. Survey Geol. Atlas, Niagara folio (No, 
190), p. 14, 1915. 

? Malcolm, Wyatt, Oil and gas fields of Ontario and Quebec: Canada Geol. Survey Mem, 
81, pp. 48-53, 1915, 
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but the structure has somewhat the nature of a terrace and its crest 
is not well defined. In the southern part of the field near Berea 
the contours run almost due east, but they trend to the northeast in 
the eastern part of Middleburg Township and sharply back to the 
northwest near the shore of Lake Erie. 'The southeasterly dip near 
Berea and the northerly dip near the lake shore are pronounced; 
that in the latter locality 1s particularly sharp, and marks the edge 
of the trough in the elbow formed by the general change in strike 
of the formation. The dip in the main or central part of the field is 
to the east, and the slope is gentle and comparatively regular from 
Rocky River to the city line. East of the city line the dip decreases, 
and in the northeastern part of the city there is a fairly well defined 
structural terrace, the southern slope of which underlies the district 
between Brooklyn and Newburg. West of Rocky River the dip is 
also slightly less than in the main part of the field but is inter- 
rupted by a localized nose or undulation which presumably repre- 
sents the axis of the major structure. 

The productive area is confined, in a broad sense, to the middle part 
of the structural nose, forming a belt extending across its axis and 
lying mostly between the 1,000-foot and 1,100-foot contours. А 
narrow strip also extends along the axis to the west at least as far 
as the 1,220-foot contour. Within these areas the sand varies greatly 
in productivity, and in some localities is entirely barren; but the 
variations are apparently unrelated to minor structural features and 
are governed directly by the lithologic character of the sand itself. 
Near the lake shore and West One hundred and seventeenth Street 
the productive portion of the sand extends somewhat below the 1,000- 
foot contour, but elsewhere the sand below this level seems to be 
either barren or poor. The 1,000-foot contour is followed in a general 
way entirely across the field by an irregular belt of wells that find 
oil. The production of gas from the eastern part of the field, in 
which the Clinton sand lies below the 1,000-foot contour, is compara- 
tively small and comes almost entirely from the Newburg sand, the 
detailed structure of which can not be determined. 

'The structural relations of the pools of the area and the influence 
of the strueture on the accumulation of gas will be diseussed below. 


GAS RESOURCES. 
GAS-BEARING STRATA. 


Although the great bulk of the gas produced in the Cleveland field 
comes from the Clinton sand, some gas has been found in other 
formations. It occurs at various horizons in the glacial drift, the 
so-called Ohio shale, the Big lime, and the “ Clinton " formation. 

The gas occurring in the drift and in the underlying shales is gen- 
erally known as low-pressure gas, in contradistinction to the high- 


ws 
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pressure gas in the lower part of the Big lime and in the “ Clinton ” 
formation. Gas has been obtained in the drift by only a few wells, 
and accumulations in this formation are of negligible economic im- 
portance. The shale gas, however, is more widely distributed and has 
long been an important source of domestic supply. Its vertical dis- 
tribution in the shale formations seems to be irregular, but most of 
the wells are successful in finding small supplies at one horizon or 
another, especially in the district west of the west city line. The 
initial closed pressure of the gas may exceptionally be several hun- 
dred pounds, but after a few days the pressure is generally less than 
50 pounds and in some wells is only 5 or 10. The daily open flow is 
generally less than 20,000 cubic feet, but the wells are comparatively 
long lived, some of them producing for 20 years or more. Owing to 
the small capacity of most of the wells, the shale gas is of little use 
in manufacturing, but its value for domestic purposes is attested by 
the fact that, according to the records of the Geological Survey, there 
are about 570 shale-gas wells in Cuyahoga County. 

Small accumulations of gas or oil have occasionally been found in 
the upper part of the Big lime. The largest flow of gas recorded 
for this rock is 1,009,800 cubic feet, which was found by well 52 
(fig. 6) ina “stray” sand 215 feet below the top of the Big lime. 
Two wells near Hilliard Road and Madison Avenue found shows of 
oil about 270 feet below the top, but these deposits appear to be of no 
economic importance. 

The lower part of the Big lime contains the Newburg or Stadler 
sand, which is locally a productive reservoir. This “sand,” which 
in many localities is oily and chocolate-brown in color, is in reality a 
porous phase of the Niagara limestone occurring about 860 feet above 
the Clinton sand. It is generally thin; in the logs of several wells 
that produced initially over 5,000,000 cubic feet it was reported to 
be less than a foot thick. Its areal distribution is very irregular, and 
the two principal pools that have been developed in this sand, both 
near Cuyahoga River, are very small. Owing to the pockety charac- 
ter of the Newburg sand the production of the wells generally falls 
off rapidly, though high initial pressures and flows are characteristic. 
In the western part of the field practically all the wells penetrate to 
the Clinton sand, and the Newburg is rarely reported. Several wells 
in the Lakewood group (see fig. 8, p. 45) produce from the New- 
burg, however, and one or two wells in this group report flows of 
over a million cubic feet from both Newburg and Clinton. Several 
wells have found shows of oil in the Newburg; one near Bunts Road 
and Lorain Avenue reported 10 barrels of oil. The material reported 
as Newburg in the logs of some of the wells in the western part of 
the field is only 275 to 300 feet above the Clinton and may not be the 
same as the Newburg of the Cuyahoga River district. 
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The Clinton sand is at present the most valuable reservoir of gas 
in Ohio and is the source of over 90 per cent of the gas produced in 
the Cleveland field. Where productive it is a clean, fine to medium 
grained, gray to red quartz sand, resembling the Berea in general 
appearance. Where unproductive it is usually shaly or is “ broken ” 
by thin hard shells. In West Park Township the sand is generally 
gray and consists of a single bed, in which the productive portion is 
a few feet below the top. In a few wells, however, the gray sand is 
separated into two benches by a layer of shale, and though either 
bench or both may be productive the upper is commonly the richer. 
In the southern part of the field the Clinton generally consists of 
two sands, the lower of which is red: The red sand yields little gas, 
and in the district south of the city only one well has found it pro- 
ductive. In this district, however, and as far southwest as Berea a 
number of wells report oil in the red sand. The character of the 
Clinton sand and its position in the * Clinton" formation are shown 
by the logs of the Schupp well and the Barkwell Brick Co.’s well, 
given above, and in the following sections: 


Sections of ** Clinton” formation from logs of wells. 


Well 1 mile east of Berea, Middleburg Town- 


Well at Berea and Detroit avenues, near west 


ship, limit of Cleveland. 

Big lime. Feet. sig lime. Feet. 

Shalt i! e Ed pu ҮЗҮҮ Рен са 824, Slatesxuste ooa EE 52 

И ы сл ae 11 24 

Shale zomea sie eee ee ee 8 29 

Clinton sand: 4 
White sand with gas--------- 5 16 
Сату За 10 
Red sand, with show of oil. 12 Whiten сапа 3 

Slate e ee tee REALE ENS 35 3rokenisand 253520588 12 

“Medina ” formation. үүө жалак кылк к 5 

lOS NIA EE RR RO ED 15 

Well on Perkins farm, northwestern part of | ed rock ----------------------- 8 

Middleburg Township. Whitef slate И аа 30 

Big lime. Feet. | “ Medina " formation. 

пате Анн a 59 201 

Little Ише---------------------- 30 | Well near Lorain Road and Rocky River, West 

Да iced ыз Ёз hc м eee ЕА 6 Park Township. 

Clinton sand: Big lime. Feet, 
White sand with gas_________ 12^ |^Sbaleseec terc шаан eae 10 
Shale and реп === 18 ph Skell ЗА са Чац: cee 10 
White sand, no gas__________ 10) Бале = — o 15 
Grdy Sand; по раз Е То | Shell к = Ж = 4 

ER Se o e eoi К ея дата DOT Баео 37 

* Medina " formation. == сП о sand uu eee aes 13 

190 | Shell, carrying oil in lower part... 27 
Shales ре 85 


* Medina " formation. 
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The “ Clinton ” formation as a whole varies considerably in thick- 
ness, and it will be noted that the four sections just given show a 
range of 50 feet. . The depth of the sand below the top of the forma- 
tion ranges between 16 and 198 feet; the interval between its base 
and the “ Medina” is 35 to 62 feet. The thickness of the sand itself 
is very irregular throughout the field, though the range from 13 
to 45 feet shown by the foregoing sections is typical. The logs of 
all the wells yet drilled in Olmsted Township, on the west edge of 
the field, report the sand as entirely absent, and it is probably also 
lacking in much of the southern part of Dover and Rockport town- 
ships. In West Park Township the Clinton sand is generally be- 
tween 5 and 30 feet thick, though where separated into two benches 
its total thickness may reach 50 or 60 feet. In the area east of the 
city line the sand is usually somewhat thicker, generally ranging 
between 30 and 60 feet, but in most of this area it is “broken” and 
nonproductive. 

It is probable that the lenticular “stray” sands that may occur 
near the Clinton carry gas in some localities, but if so it is seldom 
reported. This may be due to the fact that when the true Clinton 
sund is barren and gas is found in another sand close to it the latter 
is likely to be erroneously reported as Clinton. A few wells have 
found shows of oil in “stray” sands, but most of the oil is regarded 
as coming from the lower red member of the Clinton sand. 

The Clinton sand differs from most of the productive gas and oil 
sands of eastern fields in that it nowhere yields flows of water. The 
exact hydrologic character of the Clinton is somewhat uncertain be- 
cause of the difficulty of completely casing off the large flows of water 
in the lower part of the Big lime before drilling into the sand, but 
drillers in the Cleveland field almost invariably report that the Clin- 
ton is dry, even where it is barren of oil or gas, and the sand is 
similarly described in most of the central Ohio fields. It is highly 
probable that the sand is not actually dry, and in many localities 
its pores may be entirely filled with water; the drillers’ term “ dry ” 
implies merely that the sand does not yield water to the well. In 
other words, such water as the Clinton contains is generally not under 
high head or pressure and therefore does not migrate perceptibly. 
As the Clinton sand does not outcrop in northern Ohio large sup- 
plies of surface water can not enter it, and such a condition is there- 
fore not surprising. 

A peculiar feature of gas wells that penetrate the Clinton sand is 
their tendency to “salt up,” a condition due to the accumulation of 
salt at the foot of the tubing, in some wells in sufficient quantity to 
seal them and shut off the flow of gas. In general the salt deposit 
is granular, but less commonly it is well crystallized. Various ex- 
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planations have been advanced to account for this phenomenon; 
some believe that the salt occurs in the sand in the form of small 
grains and is blown through it by the gas, others that the sand car- 
ries some salt water, which is evaporated at the foot of the well, 
and others that salt water descends from the lower part of the Big 
lime. The first explanation is discredited by the fact that some of the 
salt is well crystallized and must therefore have been deposited from 
solution. The second is opposed to the general belief that the Clin- 
ton sand is practically dry, which is substantiated by the fact that 
few gas wells contain water even after the gas is practically ex- 
hausted. The third view seems more probable, for in many localities 
the salt water in the lower part of the Big lime is under considerable 
head and is very difficult to exclude completely from the wells. It 
is very probable that this water penetrates in small amounts to the 
foot of many wells, and that the deposition of salt is due to the 
evaporation of the water by the expanding gas. Even though the 
gas as it exists in the sand may be completely saturated with water 
vapor, the decrease in pressure and consequent increase in volume of 
the gas at the foot of the well would decrease the partial pressure 
exerted by the water vapor and enable the gas to take up more of 
it. The water in the lower part of the Big lime probably contains 
about 15 per cent of salts by volume, and the evaporation of a fairly 
small quantity of this water would therefore suffice to “salt up” 
a 9-inch tubing. Part of the water, however, with whatever salts 
it contains, is probably carried away mechanically by the gas, just 
as a salt mist is carried by the sea breeze. 


GAS POOLS. 
ROCKPORT POOL. 


The Rockport pool, which occupies the narrow area between De- 
troit and Center Ridge roads, includes practically all the productive 
territory west of Rocky River. (See Pl. I.) The eastern part of 
this territory (see fig. 2, p. 40) is the richest, and most of the wells 
near the east end of Center Ridge Road had initial open flows of 
3,000,000 to 8,000,000 cubic feet. (See table, p. 38.) ‘Toward the west 
the wells become less productive, most of them flowing initially be- 
tween 1,000,000 and 2,000,000 cubic feet, though one near the town- 
ship line is credited with 3,108,000 cubic feet. The western limit of 
this pool has not yet been determined. All the wells produce from 
the Clinton sand, though one near the intersection of Center Ridge 
and Wagar roads reports 1,813,350 cubic feet from the Newburg sand. 

Efforts to find extensions of this pool to the north and south have 
resulted in a number of dry holes, especially in the district near 
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Rocky River. (See fig. 2.) The only successful wells outside of the 
area described are two near Lake Road and the river. The larger of 
these wells reported a flow of 5,706,000 cubic feet, but they are sur- 
rounded by dry holes. The district between Center Ridge Road and 
the south township line has been tested by five wells, all of which 
are dry, and in two of which, according to report, the sand is absent. 
The logs of four wells drilled several years ago in the eastern part of 
Olmsted Township also report the sand as absent. 

Although detailed information as to the structure in this region is 
not available, the productive area appears to be associated with a 
well-defined nose or plunging anticline. The axis of this small fold 
is about normal to the general strike, and the fold is believed to rep- 
resent the western part of the larger structural nose with which the 
Cleveland field as a whole is associated. The fact that structure has 
played an important part in determining the position of this pool 
is indicated by the approximate coincidence of the productive area 
with the crest of the fold. Furthermore, the largest wells are those 
farthest down the dip, or nearest the general structural level of the 
large supplies of gas in the main field. This fact suggests that. the 
sand becomes less productive up the rise and that the pool can not 
extend far west of the township line. On the other hand, the litho- 
logic character of the sand undoubtedly has much to do with its 
productivity, and it is significant that the logs of all the wells out- 
side of the productive area report the sand as absent or thin and 
broken. 

BEREA "POOL. 


The valley of the east branch of Rocky River south of Berea 
has been rather extensively tested and has proved to be * spotted." 
'The best pool yet discovered is directly south of Berea and extends 
half a mile into Strongsville Township. 'Two wells near the town- 
ship line started at 3,000,000 cubic feet, and six had initial open flows 
of 1,000,000 to 2,000,000 cubic feet. There is one dry hole near the 
north end of the pool and three small producers in the southern part. 
About a mile south of the township line there are two dry holes, 
though a little farther south several good wells have been brought in. 

Except in the area directly south of Berea prospecting in the 
southern two-thirds of Middleburg Township has been attended by 
rather discouraging results. Of 17 wells scattered over this area 
seven are dry and four produce only oil, in small amounts, from 
the red sand that forms the lower member of the Clinton. All the 
remainder are small wells except two, which started at 3,108,000 and 
9,500,000 cubic feet, and the pool tapped by these two wells can not 
be large. The oil wells are in the eastern part of the township, and 
the oil-producing area appears to form an irregular belt that follows 
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roughly the 1,000-foot contour and extends across the northwestern 
part of Parma Township, to the east. АП the four wells drilled in 
Parma Township are oil wells. 

'The structure in the northeastern quarter of Middleburg Town- 
ship appears to be favorable to the accumulation of gas, and the 
large proportion of barren territory in this area must be attributed 
to the “broken” character of the sand. The 9,500,000-foot well is 
near the center of the structural terrace that dominates this portion 
of the township, and most of the oil wells are at the base of the ter- 
race. On the other hand, there are several dry holes and one oil well 
on the terrace, and the rich Brook Park pool lies to the northwest 
on a fairly regular monoclinal slope, which is nonproductive farther 
south. The southeastern part of the township is structurally un- 
favorable and so far as tested has proved barren. The Berea pool 
appears to be on a minor terrace, though the structure south of the 
township line was not determined. The accumulation of gas and oil 
in Middleburg Township seems to have been influenced in part by 
local structure but primarily by the character of the sand. 


BROOK PARK POOL. 


The Brook Park pool, which supplies about 85 successful wells, 
occupies an irregular area lying in the northwestern and northern 
parts of Middleburg Township and extending a short distance into 
West Park Township. It is the most recently developed pool of 
economic importance in the Cleveland field, but it appears to be now 
fairly well outlined by dry holes.* (See Pl. I.) The richest part of 
the pool is on the township line between Berea and Harrington roads. 
Several wells in this locality had initial open flows of more than 
5,000,000 cubic feet, and many others of more than 2,000,000, though 
there are also two dry holes. Toward the east and west along the 
township line the initial flows were somewhat smaller, averaging 
between 1,000,000 and 2,000,000 cubic feet. Several wells on the west 
side of Berea Road, about a mile south of the township line, had 
initial flows of more than 4,000,000 cubic feet, but the sand in this 
area is irregular, and close to the large wells there are several dry 
holes. 

The southern and western borders of the pool appear to be sharply 
defined, and any extension of the productive area in these directions 
will probably be small and irregular. To the east the sand probably 
becomes oil bearing within a short distance. The northern edge of 
the pool is not yet determined, however, and the district west of 
Harrington Road and north of the Cleveland Short Line Railroad 
tracks should be tested. 

Reference to Plate I shows that the Brook Park pool is at the 
northern edge of the structural terrace described above but lies chiefly 
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on the general monoclinal slope. The largest wells seem to be in a 
small trough at the north edge of the terrace. The very irregular 
shape of the pool indicates that local structural conditions have had 
small part in determining its position. 


WEST PARK POOL. 


About two-thirds of West Park Township has been more or less 
closely drilled and may be considered as proved gas-producing ter- 
ritory. (See fig. 6.) . 

The district south of Lorain Avenue between Berea Road and 
Rocky River appears to be barren, with the exception of a small 
tract near the junction of Berea and Puritas Springs roads. One 
well in this tract started at 8,217,000 cubic feet, though it found the 
Clinton sand only 1 foot thick; several other wells started at about 
2,000,000 cubic feet. It is possible that the productive area extends 
some distance to the west, but to the north and south it is bounded by 
dry holes. One well farther north found oil in the Newburg sand, 
and a well at Lorain Avenue and the river found a show of oil in the 
Clinton. 

The district south of Lorain Avenue between Berea Road and the 
Lake Shore & Michigan Southern Railway tracks has been thor- 
oughly tested but has not proved very productive. It contains a 
number of wells that produced initially between 1,000,000 and 
2,000,000 cubic feet, but also many dry holes. 

The southeast corner of the township is not regarded as favorable 
territory. А 7,277,800-foot well was finished in November, 1915, on 
the property of the American Agricultural Chemical Co., but six 
wells within 2,000 feet of this one proved dry. Two wells recently 
drilled in the extreme southeast corner of the township produced 20 
and 30 barrels of oil. These wells are at about the same structural 
level as the oil wells in Middleburg and Parma townships, and it is 
probable that much of the area between the two groups will prove 
barren of gas but productive of oil. 

One of the richest areas in the Cleveland field lies at the inter- 
section of Puritas Springs and Harrington roads. One well in this 
area started at 12,918,000 cubic feet, four produced about 10,500,000 
feet, eight others yielded about 5,000,000 feet, and eight averaged 
about 3,000,000 feet. This area is bounded on the north and west by 
several small producers and on the east by dry holes, but the district 
to the south should be tested. A short distance north of this pool, 
near the intersection of Moore Road and Lorain Avenue, there is a 
group of about 50 wells, all of which were successful. One of these 
wells started at 12,582,600 cubic feet and another at 10,590,000 feet, 
but most of the remainder produced initially between 1,000,000 and 
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3,000,000 feet. The log of one well reported a small amount of oil 
from a “stray” sand a short distance above the Clinton, and another 
well found 10 barrels of oil in the Newburg sand. 

In the district lving between Lorain and. Madison avenues west 
of Warren Road there are about 75 wells, of which only one is 
nonproductive. Most of the remainder had initial open flows of 
1,000,000 to 4,000,000 cubic feet. The area between Warren and 
Bunts roads is somewhat more thickly drilled, containing about 60 
wells and 1 dry hole. A well about a thousand feet east of the dry 
hole started ‘at 7,366,000 cubic feet, but nearly all the remaining 
wells in this tract produced less than 3,000,000 cubic feet. The 
district between Bunts Road and the city line includes some of the 
most thickly drilled territory in the field, the area of 2 square miles 
shown in figure 6 containing 130 wells. This close drilling is due 
chiefly to the fact that much of the land has been subdivided into 
lots, for the territory is not particularly rich. Three wells started at 

‚6,000,000 cubic feet and 18 at more than 4,000,000 feet, but most 
of them started at 2,000,000 feet or less, and 17 are reported as dry 
holes. : 

A number of wells were drilled along Madison Avenue east of the 
city line during the early period of the field’s development, but 
nearly all these wells were small, and many of them started at less 
than 1,000,000 cubic feet. More recently a small pool has been dis- 
covered on Lorain Avenue about half a mile east of the city line. 
One well in this group started at 10,707,000 cubic feet and another at 
7,786,500 cubic feet, but the remainder are small. Three of the wells 
stopped in the Newburg sand, finding flows of about 2,000.000 cubie 
feet. 

'The structure in West Park Township is dominantly monoclinal, 
and the many small undulations in the general slope appear to have 
had no influence on the accumulation of the gas. The average dip 
is 80 to 35 feet to the mile, which is somewhat lower than in the 
township to the south or in the area along the lake shore to the 
north. West Park Township occupies the central part of the broad, 
gentle nose already referred to (p. 15), and is therefore all favorable 
territory. Except in the southeast and southwest corners of the 
township the sand is clean and regular, and there are few barren 
areas. 'The proportion of large wells is not high, and the average 
initial flow was probably not more than 2,000,000 cubie feet, doubtless 
owing in part to the very large number of wells drilled. 


LAKEWOOD POOL. 


The Lakewood pool-extends along the lake shore from Rocky 
River to a point a short distance east of the city line. It is separated 
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from the West Park pool, to the south, by the well-defined barren 
area lying mostly between Madison and Detroit avenues. (See PLI.) 

The western part of the Lakewood pool has not been so closely 
drilled as much of the older portion of the field, and most of the 
wells are between Lake Avenue and the lake shore. There are few 
large wells in this area, but several started at about 5,000,000 eubie 
feet and the average initial open flow is about 3,000,000 cubic feet. 
Because of the larger acreage per well the production has decreased 
less rapidly here than in many other parts of the field. A well near 
Clifton Boulevard and Webb Road found a show of oil in the Clin- 
ton sand, which is unusual in this part of the Cleveland field. 

That portion of the Lakewood pool lying east of Giel Avenue is 
thickly drilled, there being 90 wells in an area of less than a square 
mile. (See fig. 8.) Wells 74 and 19 started at about 6,000,000 cubic 
feet, and five others at about 4,500,000 feet, but the average initial 
flow was less than 2,000,000 cubic feet (see table, p. 46), and 
there are three dry holes. Four of the wells stopped in the Newburg 
sand, finding flows of about 2,000,000 cubic feet. Well 83 encoun- 
tered a flow of 6,056,850 cubic feet in the Newburg but penetrated 
to the Clinton and found only 2,193,000 cubic feet. Wells 75, 76, 
and 77 found shows of oil in the Clinton and also moderate supplies 
of gas. 

The Lakewood pool apears to be on the edge of a sharp trough 
whose axis lies beneath Lake Erie. (See Pl. І.) The western part 
of the pool is apparently near the head of the trough, and the 
dip in that locality is to the east at about the normal rate. In 
the eastern part of the pool, however, the dip is north to northeast 
at a very much higher angle. А subsidiary trough enters the dis- 
trict at about the city line, and the three wells that found shows 
of oil are on its western flank. Elsewhere in the pool, however, local 
structural conditions appear to have had little influence on the accu- 
mulation of the gas, many of the good wells being located on the 
steep slope of the major trough and many others on the flat terrace 
to the south. The well-defined barren area south of the pool extends 
at right angles to the general strike and embraces minor undulations 
of both anticlinal and synclinal form. 


CITY POOLS. 


Two well-defined pools in the Newburg sand have been found in 
the city of Cleveland near Cuyahoga River, and a number of isolated 
wells have been drilled to the Newburg or Clinton in various parts 
of the city. 

The older of the two pools in the Newburg sand, generally known 
as the Brooklyn pool, is on Cuyahoga River near the mouth of Big 
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Creek. The area north of the creek was first developed; the dis- 
covery well (No. 1, fig. 4) started at 12,500,000 cubic feet, and 11 
of the other wells flowed initially between 4,000,000 and 9,000,000 
feet. (See table, p. 40.) Twenty-five of the wells were drilled 
within an area of about 85 acres, and the decline was therefore rapid. 
South of the mouth of Big Creek the average initial production was 
somewhat smaller, though one of the wells started at 8,086,650 cubic 
feet and another at 5,257,500 feet. The sand is rather irregular 
throughout the pool, and six wells close to large producers were dry. 
'The productive area is sharply delimited and forms a narrow strip 
along the river, the southern part of the strip being only a few 
hundred feet wide. The area embraced in this pool is so small that 
little can be ascertained regarding its structure, but the peculiar 
outline of the pool suggests that it may be associated with a small 
anticline. * 

The other pool in the Newburg sand is near the intersection of Wal- 
worth Avenue and West Twenty-fifth Street. The earlier wells in this 
area were of moderate capacity, but in July, 1915, one of the largest 
wells in the whole field, having an initial open flow of 13,884,000 
cubic feet, was brought in here. Three other wells in this pool 
started at more than 4,000,000 cubic feet, but the remaining 10 
averaged about 2,000,000 cubic feet. The pool is so small that the 
structure could not be made out. 

About 50 wells have been drilled to the Newburg or Clinton in 
other parts of the city, but only one of them started at more than 
8,000,000 cubic feet, and the greater number produced less than 
1,000,000 cubie feet daily or were rated as dry. Five wells were 
drilled to the Newburg sand in the business district north of the 
Walworth Avenue pool; one started at 3,214,400 cubic feet, but two 
were dry, and the other two started at less than 500,000 cubic feet. 
'Two wells a short distance northwest of the Walworth Avenue pool 
found a show of oil in the Clinton, and about a mile farther north- 
west there is another. About a dozen wells have been drilled close 
to the city line near the intersection of Ridge Road and Denison 
Avenue. АП of them were small gas wells, whether stopping in the 
Newburg or penetrating to the Clinton, though one of those in the 
Clinton found 13 barrels of oil. In the district to the south, lying 
between Linndale and Brooklyn, 13 wells have been drilled to the 
Clinton sand. Of these, 7 are dry holes, and only 1 produced as 
much as 500,000 cubic feet of gas daily, but the remainder yield 
some oil. The logs of most of these wells report the lower red 
member of the Clinton sand, which is absent in most of West Park 
and Rockport townships. Between Brooklyn and the pool at the 
mouth of Big Creek 8 wells have been drilled; 6 were dry holes, 
but 1 produced 1,869,700 cubic feet from the Clinton and the other 


CLEVELAND GAS FIELD, OHIO. 27 


2,750,000 cubic feet from the Newburg. About 20 wells have been 
drilled along the east side of Cuyahoga River close to or within the 
city limits. Nearly all these wells stopped in the Newburg sand, and 
had initial flows of 300,000 to 2,000,000 cubic feet, but 2 penetrated 
to the Clinton and found flows of about 1,700,000 cubic feet. A few 
other wells have been drilled in the eastern part of the city, but 
practically all of them found both Newburg and Clinton dry. 

As shown on Plate I, the Clinton sand under the central and north- 
eastern parts of the city appears to lie in a broad, flat terrace, the 
southern slope of which occupies the district between Brooklyn and 
Newburg. The portion of the terrace shown on the map may be 
regarded as barren except locally. The eastern limit of the commer- 
cially productive area is on the west or upper slope of the terrace, 
being associated in a general way with the 1,000-foot contour. A 
short distance below this contour is the irregular belt of wells that 
found small amounts of oil, and although some oil and gas have 
been found still farther down the dip the outlook for extensive devel- 
opment in that direction is not promising. The eastern slope of the 
terrace is east of the area shown on Plate I; this slope has not been 
tested and may prove productive, though the barren character of the 
south slope is not encouraging. 


FACTORS IN THE ACCUMULATION OF THE GAS. 


In attempting to find extensions of the Cleveland field or new pools 
in this region a knowledge of the factors that have influenced the 
accumulation ,of the gas is very desirable.. It is а common belief, 
especially among oil and gas operators in northern Ohio, that geo- 
logie structure has had little to do with the position of pools in the 
Clinton sand and that variation in the porosity of the sand itself is 
the controlling factor. On the other hand, it is held by many that 
accumulations in the Clinton are controlled by terrace structure or 
by minor undulations in the monoclinal slope, and it has recently 
been shown that the pools near Wooster, 50 miles south of Cleveland, 
are closely associated with small anticlines If in the Cleveland 
region the texture of the sand is the controlling factor, a large number 
of dry holes must be expected in efforts to discover extensions of the 
field; but if structural conditions have played an important ра 
prospecting may be conducted more intelligently. 

The Clinton sand is exceptional among important oil and gas 
reservoirs in that it does not crop out in the vicinity of its productive е 
area. It rises from a great depth beneath the Appalachian coal 
basin, becomes somewhat thinner toward the west, and feathers out 


1 Bonine, C, A, Anticlines in the Clinton sand near Wooster, Wayne County, Ohio: 
О. 8. Geol. Survey Bull. 621, pp. 87-98, 1915. 
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in central Ohio, where it approaches nearest the surface. The 
tendency of gas to migrate up the rise is generally considered the 
ultimate cause of its accumulation near Cleveland, as well as in the 
great belt to the south, for it is in this general zone that its upward 
migration is stopped by the thinning out of the sand. The sand does 
not disappear completely along a single regular line; there is a border 
zone in which it is present only in small irregular areas, some of 
which, like that at Oberlin, may prove productive. As the logs of a 
number of wells a short distance west of the Cleveland field report 
the sand as absent, the field appears to be on the eastern edge of the 
zone in which the sand is irregular. 

Although the feathering out of the sand has determined the gen- 
eral position of the great Clinton gas fields, structural conditions 
have undoubtedly operated to localize the accumulations. In many 
of the southern fields and as far north as Wooster the gas is not 
accumulated directly at the edge of the sand, but has been trapped 
in structural irregularities a short distance below. In the writer’s 
opinion, structural conditions have also controlled the accumulation 
of gas near Cleveland. The field as now developed is confined en- 
tirely to a very gentle structural nose or bulge; most of the oil occurs 
below the gas and approximately at one structural level, and below 
this level the sand appears to be practically barren of either oil or 
gas. Aside from this local structure, the marked change in the strike 
of the Clinton, forming an elbow or pocket near Cleveland, has 
probably also furthered the accumulation of gas in this locality. 

A third condition affecting the accumulation of the gas is vari- 
ation in the porosity of the sand, and this factor seems to have con- 
trolled very largely the detailed outline of the productive area and 
the position of the richer territory within it. In fact, the outline 
of the productive area is so irregular that at first sight it appears to 
have little relation to geologic structure. For example, the narrow 
and sharply defined strip of barren territory separating the West 
Park and Lakewood pools and extending at right angles to the strike 
can not be explained on structural grounds, nor can the irregular 
barren area on the minor structural terrace in the central part of 
Middleburg Township. These local variations must be attributed to 
the character of the sand, and it is only when the field is viewed 
broadly that the true significance of the structure becomes apparent. 

As accumulations of gas in areas near by have probably formed 
under conditions similar to those in the Cleveland field, the fore- 
going conclusions furnish several suggestions for prospecting. It 
is evident, in the first place, that the Cleveland field is near the 
western limit of the general productive belt, and that the sand be- 
comes irregular and discontinuous to the west. Productive areas may 
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be discovered west of the Cleveland field, but such areas are likely 
to be small and prospecting for them will probably involve a num- 
ber of dry holes. The zone in which the sand dies out trends some- 
what west of south, however, and as prospecting continues south it 
may therefore be extended farther west. The eastern limit of the 
general productive belt can not now be determined. Although in 
the Cleveland field the territory below the 1,000-foot contour seems 
to be practically barren, farther south productive areas have been 
found at lower levels, correspondingly farther from the thin edge 
of the sand. The pools near Wooster, for example, extend at least 
as far down the dip as the 600-foot contour (2,400 feet below sea 
level). Furthermore, as the strike of the Clinton turns to the east 
near Cleveland, the sand may be found along the lake shore to the 
northeast at depths of 2,000 to 2,400 feet below sea level. (See index 
map, Pl. I.) This area has not been seriously tested, and although 
such results as have been attained are chiefly negative the district 
should not be condemned without further exploration. Southeast 
of the Cleveland field the depth of the Clinton sand increases rather 
rapidly and prospecting can not extend many miles in that direction. 

The most favorable localities for prospecting within the area just 
outlined are those in which the dip of the Clinton changes in de- 
gree, and the larger accumulations of gas will probably be found 
in the structural irregularities so formed. The pools near Wooster 
are closely related to rather sharp, anticlines; in the Cleveland dis- 
trict the structure is more gentle, but the field as a whole is con- 
fined to a broad nose. Аз the southern edge of this nose seems to 
be at Berea, the development on this particular structural feature 
may be regarded as already well outlined. Little is known of the 
detailed structure between Berea and Wooster, but it is highly prob- 
able that other noses, anticlines, or terraces exist. A sufficient num- 
ber of wells have already been drilled in certain parts of this district 
to make possible a general comparison of the altitude of the sand 
at different points, and a study of this kind, supplemented if possible 
by an examination of the surface geology, would doubtless prove a 
valuable aid in prospecting. In the district east and northeast of 
Cleveland nothing is known of the detailed structure, and prospect- 
ing offers less chance of quick returns than in the area to the south. 

Although structural conditions undoubtedly control the general 
position of the pools, it should be borne in mind that the character 
of the sand itself determines their detailed outline. One or two un- 
successful wells in an area of favorable structure do not necessarily 
condemn it; several of the earliest wells in the Cleveland field, put 
down close to what has proved highly productive territory, were dry. 
As a general rule the more pronounced the structure the more closely 
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is the distribution of the gas related to it; where the structure is 
broad and gentle, as in the Cleveland field, the character of the sand 
becomes a more important factor. 


QUALITY OF THE GAS. 


The chemical constitution and heating value of Clinton gas in the 
Cleveland field are shown by the first two analyses in the following 
table. Analysis 3, representing Clinton gas from the Thurston field 
in Fairfield County, is added for comparison. Analysis 4 represents 
a sample of gas that was collected in Cleveland before 1894 and 
therefore is presumably shale gas. 


Analyses of gas from Cleveland and Thurston fields. 


1 2 3 4 
Carbon dioxide (CO) stew «eoe rede заказа 0.2 0.0 0. 25 0.20 
Carbon monoxide (CO).. .8 Qi E — dd 5-2 us 
Oxygen (Оз). .8 21, 15 . 00 
Hydrogen (H "ni .6 4 
Methane (CH. .2 ы 
Olefines. ... 
Tlluminants ER = K я 
Total paraffins...............- EA КАРЕ ДЕНЕ 223 90.48 93. 50 
Nitrogen. (№) 2. -- неее ena Rr Arr а. 2.7 2.0 8.12 6.30 
100. 0 100.0 100. 00 100. 00 
Heating value, in British thermal units............------------ 1,089 1:105 coe 


^ PAS us enel gas кз RUE bn d Lakewood and West Park pools, Cleveland field. Analyses 
3. Clinton gas from Thurston field, Fairfield County. Analyst, C. С. Howard. Cited by Bownocker, 
J. A., Am. Geologist, vol. 31, p. 230, 1903. 
4. Gas from well in Cleveland (probably shale gas). Analyst, F. C. Phillips, Am. Chem. Jour., vol. 
16, p. 416, 1894. 

Analyses 1 and 2 indicate that the Clinton gas of the Cleveland 
field is a high-grade fuel composed almost entirely of methane and 
higher hydrocarbons. The oxygen and much of the nitrogen re- 
ported are probably due to admixture of air in the samples analyzed, 
so that the minor constituents of the gas are chiefly hydrogen and 
carbon monoxide. Analyses 3 and 4, though showing higher per- 
centages of nitrogen, represent gas essentially similar to that of the 
Lakewood and West Park pools. 

Although no analysis of gas from the Newburg sand is available, 
a number of determinations of its heating value, made for the East 
Ohio Gas Co., indicate that it is very similar in composition to gas 
from the Clinton sand. According to these tests the heating value 
of the Newburg gas ranges between 1,035 and 1,120 British thermal 
units and that of the Clinton between 1,050 and 1,110 British thermal 
units; the average for each is about 1,080 British thermal units. 


1 Burrell and Oberfell (Bur. Mines Tech. Paper 109, p. 11, 1915) state that they have 
found no hydrogen or carbon monoxide in any of the numerous samples of natural gas 
tested by them. They believe that these substances are not present in natural gas and 
ascribe the fact that they are frequently reported to unavoidable errors involved in the 
ordinary methods of gas analysis. 
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TECHNOLOGIC FEATURES OF THE FIELD. 


The Clinton sand wells in the Cleveland field are from 2,500 to 
2,900 feet деер; the deeper wells are in the southern and eastern parts 
of the field. Most of the Newburg sand wells are about 2,400 feet 
deep, and the shale wells from 600 to 1,200 feet deep. Most of the 
shale wells were drilled with a portable rig, but all the Newburg and 
Clinton wells were drilled with a derrick and cable tools. The aver- 
age time of drilling for the deep wells is 40 days, and the average cost 
between $5,000 and $6,000. In the district between Rocky River and 
the eity line the dip of the Clinton is so regular that many of the 
wells were drilled under contract at a flat rate for the finished well 
rather than at so much per foot. 

Three strings of casings are generally used in drilling, with one or 
more joints of 10-inch casing at the top as a conductor. The 8-inch 

. casing used to shut off surface water is generally 70 to 170 feet long. 
The salt water in the upper part of the Big lime is cased off with 
63-inch casing at a depth of 1,450 to 1,700 feet. If the well extends 
to the Clinton the salt water encountered a short distance below the 
Newburg sand is shut off between 2,450 and 2,700 feet with 5,%;-inch 
casing. This casing, as well as the tubing inserted later, is packed 
in order to exclude the salt water from above. Many of the wells, 
especially the smaller ones, in which the sand is dense and hard, are 
shot with nitroglycerin, the average charge being 30 to 40 quarts. 
Although in some wells this does not increase the flow of gas, it 
generally proves advantageous, and in one well near Harrington and 
Puritas Springs roads served to increase the flow from 591,000 to 
3,108,000 cubic feet. When the well has been shot the strings of 
larger casing are pulled, the tubing is set, and the derrick is removed. 

The life of a gas well depends to a considerable degree on the 
manner in which it is handled. The water in the Big lime may be 
under a head of 2,000 feet, and it is very difficult to exclude this 
water completely by the use of packers alone. A factor of great 
importance is the pressure of the gas itself, which tends to hold 
back this water, and if the well is drawn on to its full capacity and 
the pressure rapidly reduced the water may invade the sand and 
ruin the well early in its career. In many wells a small amount of 
water probably does pass the packers and on evaporation causes the 
well to * salt up,” as already described. The salt is generally removed 
by forcing a little fresh water or steam into the well and closing it 
for a day or two, at the end of which the water is expelled by opening 
the valve wide and allowing the well to flow. Most of the wells are 
free from water troubles, in the ordinary sense of the term, but 
“salting up” is very common. As the Clinton sand when first 
penetrated by the drill is almost invariably reported to be free from 
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water, the removal of the gas is not accompanied by the invasion of 
water from lower levels, as in many other fields. 


PRODUCTION OF THE FIELD. 


The quantity of gas produced in Cuyahoga County during the 
years 1911 to 1915 is given in the following table, which has been 
compiled by Miss Belle Hill under the supervision of J. D. Northrop. 
The gas produced from shallow. wells stopping in the Ohio shale is 
separated from that furnished by deep wells drilled to the Newburg 
or Clinton sands. The total production of Ohio during the same 
period is added for comparison. During the years indicated practi- 
cally all the gas produced from the Newburg and Clinton sands 
in Cuyahoga County came from the area discussed in this report and 
shown in Plate I, though in 1916 some gas was produced in the dis- 
trict to the south. 


Natural gas produced in Cuyahoga County and in Ohio, 1911-1915. 


Cuyahoga County. 


From deep wells. 


Ohio 
Year. (cubic fect). | | From shallow 
Per cont | (shale) wells 
of State's! (cubic feet). 


Cubic feet. produc- 
tion. 
49, 449, 749, 000 0 0 116, 090, 000 
..| 56, 210, 052, 000 548, 934,000 0.9 96, 977, 000 
.| 50,612, 211,000 | 1,536, 087,000 3.0 | «90,977,000 
68, 270, 174,000 | 16, 256, 705, 000 23.8 | « 101, 000, 000 
79, 510, 032,000 | 31,346, 831, 000 39.4 | @ 101,000, 000 


а Estimated. 


The following table records by years the number of deep (New- 
burg and Clinton) and shallow (shale) wells drilled in Cuyahoga 
County from 1911 to 1915, and shows the status of development on 
June 1, 1916. Of the 855 deep gas wells completed by that date 
143 draw their supplies from the Clinton sand, only 112 stopping in 
the Newburg. Of the dry holes drilled 144 penetrate both Newburg 
and Clinton, the remaining 10 extending only to the Newburg. 

Wells having an initial open flow of less than 250,000 cubie feet 
are commonly considered dry in the Cleveland field. "The wells 
classified in the table as, dry include those reported as dry by the 
owner and also those whose initial open flow was measured and found 
to be less than 250,000 cubic feet. 
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Wells dritled for natural gas in Cuyahoga County, 1911-1916. 


Deep wells. Shallow (shale) wells. 


Year. Drilled. Pro Drilled. Pr 
- - 1 0- 
АЂап- | ductivo Aban- | anetive 


doned. | Dec. 31. doned. | Dec. 31. 


Gas. | Dry. Gas. | Dry. 


a Estimated. 


These tables show plainly the exceptionally rapid rise of the 
Cleveland field, which in 1912 contributed only 1 per cent of the 
State’s production but in 1915 yielded about 39 per cent. The out- 
put in 1915 probably represents the maximum yearly production from 
the Cleveland field proper, for practically all the area shown in 
Plate I has either been thoroughly drilled or proved unproductive. 
The production of the county as a whole for 1916 may, however, be 
increased by the development of new territory to the south. 

The approximate extent of the territory now developed in the 
Cleveland field is 27 square miles, divided as follows: 


Clinton sand: Square miles. 
ЛУС РАО ВОО О 12.3 
Brooks Рат роо еШ е т с ое ean ae SEE ae eee ee 4.7 
ОИ ТООТ ЕЕЕ БЕБЕ aati a Еа петь pent nen 3.0 
Berea роо sane аа а ання 6 
Eastern part of Middleburg Township (mostly oil) —----__ 2,2 
Тюпде Зе фаў ре 7 
АТО а “Б 

24.0 


Newburg sand: 
Brooklyn pool and area on Cuyahoga River... 2:8 
Walworth А тето роба een al ee ee ee ee 


3.0 


The life of the field as now developed is difficult to estimate but 
probably will not be more than three or four years. During 1914 
a back pressure of 130 to 150 pounds was maintained on the wells 
in the West Park and Lakewood districts, but in the Brooklyn pool 
the pressure was somewhat lower. In 1915 it was found necessary 
to reduce the pressure throughout the older portion of the field, and 
in the Brooklyn pool it was finally lowered to 20 pounds. It has 
now been lowered to 40 or 50 pounds in the Lakewood pool and part 
of the West Park pool, and the use of compressors will soon be neces- 
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sary in those distriets. Pumps are now being installed on some of 
the wells. In the district west of Rocky River, in the southern part 
of West Park Township, and in Middleburg Township the rock 
pressure is still high, however, and a considerable back pressure is 
maintained. 

A large proportion of the gas produced in the Cleveland field is 
bought by the East Ohio Gas Co. at 6 cents a thousand cubic feet 
and supplied for domestic purposes and manufacturing to the city 
of Cleveland. The average daily production from the field, which 
was about 85,000,000 cubic feet in 1915, is not sufficient to supply the 
city, however, and a considerable quantity of gas is transported by 
pipe line from the West Virginia fields. Some of the gas produced 
in Middleburg Township is sold to the Berea Pipe Line Co., which 
supplies Berea and several other towns in Cuyahoga and Lorain. 
counties, and a little is taken by other distributing companies. A 
number of manufacturing firms in Cleveland produce gas for their 
own use, but in 1915 the quantity of gas not sold to distributing com- 
panies represented only 8.6 per cent of the field's production. 

The gas produced by some of the wells contains a little gasoline, 
which may be condensed as pipe-line * drips" or extracted by com- 
pression. Gasoline has been condensed on a small scale, but no com- 
mercial production is reported. 

A little oil has been produced in the field since 1912, but no esti- 
mate of the quantity prior to 1915 is available. In 1915 the Buckeye 
Pipe Line Co. completed the Cleveland division of its lines and in the 
last quarter of the year 1,830 barrels were sold, and during the first 
half of 1916 the monthly production averaged more than 1,000 bar- 
rels. This increase was due chiefly to the completion of a number of 
oil wells in the district between Berea, Linndale, and Brooklyn. It 
is probable that with the advent of facilities for handling the oil the 
production will still further increase,'for there is yet promising 
territory to be drilled. 

The quantity of gas produced by shallow wells from the Ohio shale 
does not vary greatly from year to year. It represents only a small 
fraction of the State's production, but, as is indicated by the large 
number of shallow wells, this gas is widely distributed through the 
county and constitutes the domestic supply in many homes. 


DECLINE OF WELLS. 


GENERAL CONDITIONS. 


The rapid decline of individual wells in the more closely drilled 
districts of the Cleveland field has already been referred to. It has 
long been realized by those familiar with the gas industry that a 
closely drilled field is short lived, but the widespread ignorance of 
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this principle among the people at large is only too clearly shown by 
the uneconomic manner in which much of the Cleveland field has 
been developed. The number of gas wells per square mile that may 
profitably be drilled depends largely on the thickness and porosity 
of the sand, on the original rock pressure, and on the prevailing price 
of gas, and is therefore different in different fields; but in every field 
there is a limit, and this limit is smaller than is commonly supposed. 
The first wells drilled in a small pool are generally very profitable, 
but the profit decreases rapidly as the number of wells increases, and 
the last wells drilled may not produce enough gas to pay for them- 
selves. : 

Although the Cleveland field is a conspicuous example of wasteful 
development, it is probable that many other eastern gas fields contain 
a larger number of wells than is necessary or profitable. The failure 
to realize the economic loss entailed by overdrilling may be due to 
the fact that exact figures showing the decline of gas wells have sel- 
dom been published, though generalized statements are common. 
The figures given below.are regrettably incomplete, but they serve at 
least to show the general trend of decline and to give a rough quan- 
titative expression to certain principles whose significance may not 
be fully appreciated by many operators. They are given, not with 
the idea that they can be directly applied in other fields, but in the 
hope that they will arouse the interest of operators and stimulate the 
general tendency toward the recording of more complete and more 
accurate data. It is believed that if fairly complete records of the 
decline of wells in various fields were available for careful analysis, 
it might be possible to draw standard curves that would prove valua- 
ble guides in the development of new fields. 

The principal geologic factors controlling the production and 
life of a well, as already shown, are the position of the well with 
reference to the structure, the porosity of the sand, the thickness of 
the sand, the pressure, and the presence or absence of water. Other 
important factors are the amount of water that may penetrate to 
the sand from above, which depends chiefly on the manner in which 
the casing is set; the question whether or not the sand has been 
shot; the care taken of the well after it has begun to produce; and 
the number of days per month it produces. Because of variation 
in these and other factors the history of each well is peculiar, and 
no one well can safely be selected as entirely representative of all 
the wells in even a small pool. In the Cleveland field, however, 
there are many small groups of wells in which the geologic condi- 
tions are essentially uniform; and as most of the wells were drilled 
and finished by standardized methods and were then taken over by 
one distributing company and operated under practically the same 
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conditions, the variation in the technologic factors is probably as 
small as can be expected. 


PRESSURE AND FLOW. 


In measuring the capacity of gas wells two factors are commonly 
determined—the rock pressure and the open flow. The term “rock 
pressure" is used to designate the pressure under which the gas 
oceurs in the sand. It is determined in pounds per square inch by 
means of a gage attached to the well and read when the pressure 
has attained a maximum after the well has been closed for 24 hours 
or longer. The open flow of the well is the volume of gas delivered 
against atmospherie pressure in a given length of time, usually 24 
hours. It is determined by allowing the well to flow freely for 
several hours and measuring the “ open-flow” pressure or velocity 
of the gas, from which the volume may be computed. 

The volume of gas delivered by a well under a given open-flow 
pressure depends partly on the size of the bottom of the well and 
the diameter of the casing and partly on the porosity and the thick- 
ness of the sand. It is evident that the larger the cavity at the 
foot of the well and the larger the casing the greater will be the 
flow; and, aecording to the same principle, if the sand at the foot 
of the well is open and has a high porosity a greater volume of gas 
can pass through it in a given time than if it were tight or shaly. 
As the size of the casing is the same in practically all the wells in 
this field, much of the difference in the flow of neighboring wells 
may be ascribed to difference in the porosity of the sand from which 
they draw their supplies. The rock pressure, on the other hand, is 
not affected by minor variations in the porosity of the sand, and 
the whole body of gas in a pool of moderate size is theoretically 
under about the same rock pressure. If two neighboring wells, one 
producing a large volume of gas and the other a small volume, are 
closed, the rock pressure registered by both will be about the same, 
but the large well will register this pressure almost immediately, 
whereas the small one may remain closed for some time before its 
pressure reaches the same figure. A high rock pressure, therefore, 
does not necessarily entail a high flow, and several wells in the Cleve- 
land field that registered a rock pressure of over 600 pounds had 
an open flow of less than 300,000 cubic feet. On the other hand, 
a high flow is usually accompanied by a high rock pressure, and 
the flow and pressure decline at about the same rate. The flow of a 
well is greatly influenced by local conditions, such as the porosity 
of the sand, but the rock pressure is a more uniform feature, and its 
decline in a small pool is therefore a convenient and accurate index 
of the stage of exhaustion of the reservoir. 


5 
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DECLINE OF ROCK PRESSURE 
GENERAL FACTORS. 


The initial rock pressure of the earlier wells in the Cleveland field 
ranged between 800 and 1,100 pounds per square inch. Since these 
wells were drilled their rock pressures have declined steadily and the 
initial pressure of wells drilled later has been correspondingly lower. 
As the Cleveland field is made up of a number of small pools sepa- 
rated by areas in which the sand is dry and apparently impervious 
to gas, the rate of decline of the rock pressure, which depends on the 
rate at which gas is removed from the sand, is different in different 


parts of the field. There are still areas in which new wells would 


show a pressure of more than 800 pounds, but in some of the older 
and more closely drilled tracts the initial pressures had fallen as low 
as 175 pounds within eight months after the first well was drilled. 

The initial rock pressures of over two-thirds of the wells in the 
field have been determined by the East Ohio Gas Co. It has been 
found that if a small unified area is considered the initial pressure of 
each successive well drilled is, in general, lower than that of the last, 
showing that the pressure of the whole body of gas within the area 
is practically equalized and declining at a fairly uniform rate. If 
all the wells in a larger area are considered, however, the decline is 
much less regular, for the gas is removed at different rates in differ- 
ent districts, and variations in the porosity of the sand retard or pre- 
vent equalization of the pressure. The writer has therefore selected 
several small but representative groups of wells and has plotted their 
initial pressures in order to show the general decline of the whole 
field. Unfortunately records of the decline of the pressure during 
the life of individual wells are available for only a few wells, but it 
is believed that the curve showing the decline of initial pressures of 
all wells within a small group is essentially the same as one that 
would show the decline during the life of a single well. The initial 
pressure of a new well is generally somewhat higher than the pres- 
sures of neighboring wells on the same date, but in this field the 
difference is seldom large. 


ROCKPORT GROUP. 


A group of 12 wells at the east end of the Rockport pool, shown 
in figure 2, has been selected to show the rate of pressure decline in 
the less thickly drilled part of the field. The 12 wells are within 
an area of about 80 acres, but their drainage area is somewhat 
greater. In the western part of the Rockport pool and in the Brook 
Park pool the wells are spaced farther apart, but data regarding 
rock pressures in these areas are not available. 
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The accompanying table shows the date on which each well in the 
group was brought in and the pressure and flow of the well on that 
date. The original pressure in the area was evidently 1,050 pounds, 
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FicunE 2.—Map of east end of Rockport pool, Cleveland, Ohio. The initial rock pressures 
of wells in the area inclosed by the line (referred to as the Rockport group) are shown 
in figure 3. 

but in six months it had declined to 775 pounds, the initial pressure of 

each successive well, with two exceptions, being lower than that of 

the preceding well. Measurements of the pressure of four of the 
wells on August 15, 1915, show that the decline continued at about 
the same rate, even though only two wells (Nos. 92 and 33) were 
brought in after the pressure had dropped to 775 pounds. "These data 
are shown graphically in figure 3. 


Rock pressure and open flow of wells in Rockport group, between Rocky River 
and Center Ridge Road. 


No. of Я iti Rock 
well on Date | Initial | tnitial open | pressure 
brought rock г 
ma in pressure flow. Aug. 15, 
(fig. 2) : eie 1915. 
1914. Pounds. Cubic feet. | Pounds. 
РАСКА Noy. 25 1,050 7,366, 000 505 
ОЕ Dec. 8 К 0004- 3,108,000 |.......-.- 
1915. 
Jan. 26 950 6,000, 000 
Tan. 30 895 7, 033; 000 
Feb. 12 850 . 617,300 
Feb. 16 925 6, 500, 200 
Mar. 20 840 1,101,000 
Apr. 7 800 8; 574, 600 
Apr. 8 860 3,854, 500 
Apr. 20 860 3, 861, 000 
Мау 18 775 4 917, 000 
June 5 (?) 4; 380, 000 
Sept. 4 (?) 2, ; 193, 000 


It will be noted that the line of initial pressures is remarkably 
regular, except in two places; the pressures of wells 24, 25, and 28 
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seem to be abnormally low and those of wells 29 and 80 unusually 
high. The low pressures of wells 24 and 28 are explained by the fact 


= TA 

= Initial rock pressure, pounds 
wo = 
КЫ > о Ф о 
ре 8 E 8: S 
ND 
“е 
а | Number 
Ue у of wells 
Bp o 
mp 

З 
ЕВ а 
en = 
no p 
3 
m = 
E ow 
КЕЛ o 
«ба ` 
ч 
Ес 
ЕВ i 
U 
ER 9 
ян 3 
Bis 
gy 
gd 
во 
35 

Л “п 
BE о 
eee Mey 
Е: 
Ea 
3E 
a2 zZ 
ree dm 
nou В 
5 2 
SH 
2 0 
BR 
5 is 
= 9 
ES g 
0. ( 
Be 3 
КО ыы 
E 
Ез © 
о © 
ка = 
ЕЕ 0 
арз 
Фа“ 
EO 
E 
inn а 
E? c 

3 

ЕД cx 
© to 
д к^ 
AN 
Б 
et 

N c 
RI € 
mu: — 
pic 
a? 
e 
£c 
2 = 
45 T 
га 
= д 
= 

а 


that they were drilled close to the older wells 21 and 28. The high 
pressures of wells 29 and 30 are probably due to the fact that they 
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were drilled near the edge of the group, where the pressure had not 
yet been reduced by other wells. The straight lines connecting the 
initial pressures of the wells with the pressures five months or more 
later have about the same slope as the curve of initial pressures, indi- 
cating that the decline of individual wells is essentially coincident 
with the decline of the whole group. 


BROORLYN GROUP. 


A more rapid decline of rock pressure is shown by a group of 
25 wells in an area of about 86 acres in the northern part of the 
Brooklyn pool near the mouth of Big Creek. (See fig. 4.) This 
is one of the most thickly drilled tracts in the Cleveland field, and 
represents the extreme of uneconomic development, for there is no 
reason to doubt that one well in a somewhat longer time would have 
removed the gas as completely as the 25 wells drilled. 

The accompanying table shows the dates on which the wells were 
brought in, their initial pressure and flow, and for some the dates 
on which they were abandoned. Аз the first three wells were not 
gaged, the original pressure of the pool is not known, but it was 
probably about 1,000 pounds. The first nine wells reduced the 
pressure to 645 pounds in four months, however, and the 12 wells 
drilled in the next three months reduced it to less than 300 pounds. 
Many of the wells were exhausted within six months and the flow of 
the remainder was reduced to a fraction of its original volume. 


Statistics of wells in Brooklyn group. 


No. of well Date Tnitial "m x Е Ifa 
on map brought rock эң D Каста DAN 
(fig. 4). in. pressure. E pe^ $ ў 

1914. Pounds. Cubic feet. Months. 
15-2255 Feb. — ? @ 12, 500, 000 Oct. 10,1914 8 
2 Mar. 15 (7) 1,979,600 |....- COR tend 7 
3 Mar. 28 (2) 54,502,900 |..... ООЗ 6 
4 Wve: Hele SEE a Dry. | Apr. 28,1914 0 
5 Apr. 12 750 Я caved dance е ДЕ л» 
6 Apr. 16 (?) 350, 900 Jan. 4,1915 9 
The Apr. 17 (2) 6,800,000 | May 26,1915 | 13 
See Apr. 20 (с) 5,571,900 | Mar. 14,1916 23 
9. Apr. 24 (?) 3,214,400 | Jan. 14,1915 9 

10. June 6 645 1, 117, 400 

1 асек 490 3, 829, 000 

12 June 11 465 711, 800 

1 June 13 390 969, 800 

1 June 19 430 3, 706, 200 

1 dois 420 3,214, 400 

1 June 30 515 d 4, 885, 000 

1 July 7 450 216, 000 

18. Aug. 6 280 2,514, 700 

ТОБЕ US З 450 1,008, 000 

20295. 20e Aug. 29 410 877, 100 

De EET Sept. 4 350 330, 700 

APART сана ана (?) 7,194,300 

pp QV poe eee reel (2) 554,400 | Oct. 1,1914 

аа аи (?) 319, 700 

расава Sate ae (?) 304, 200 


а Decrease in flow at end of 4 months, 77 per cent. 
b Decrease in flow at end of 2 months, 66 per cent. 
с On June 22, 395 pounds. 

d Decrease in flow at end of 12 months, 81 per cent. 


‘CLEVELAND GAS FIELD, OHIO. 41 


The decline of initial pressures in the Brooklyn pool is shown in 
figure 5. As a number of wells are involved, there are some irregu- 
larities, and the curve shown is therefore a sketched average. Most 
of these irregularities are explained by reference to the map. Well 


XGas well ©Drilling well * Dry hole 
0 500 1900 , 2,000 3,000 FEET 
шу, а ——————— —————————————— 1 


FIGURE 4.—Map of northern part of Brooklyn pool, Cleveland, Ohio. Statistics of wells 
in area within circle (referred to as the Brooklyn group) are given in the table on 
page 40 and in figure 5, 

10, for example, had an abnormally high pressure because of its 

distance from the wells already drilled, whereas the low pressure of 

well 13 is due to its close proximity to four older wells. It will be 
noted that the period of greatest decline was in April, May, and 
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June, when most of the wells were drilled, and that cessation of 
drilling for a few weeks in July and August tended to fiatten the 
curve. The reduction in pressure for the five-month period averaged 
95 pounds per month, as against 45 pounds per month in the less 
closely drilled Rockport pool. 
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Figure 5.—Sketched curve showing average decline of initial rock pressures of wells in 
Brooklyn group, Cleveland, Ohio, D5, D10, etc., refer to wells 5, 10, etc., in figure 4, 


WEST PARK GROUP. 


A group of 35 wells drilled near Vinton Row, in West Park Town- 
ship, furnishes an interesting study in the decline of rock pressure. 
(See fig. 6.) Although the area involved is only about 70 acres, · 
it is separated into two districts by a patch of barren sand, and the 
initial pressures of successive wells in this area fall naturally into 
two distinct curves. The statistics of the wells are given in the 
accompanying table. Wells 132 to 145 are in the northern productive 
district and wells 94 to 108 in the southern; wells 126 to 181 are in 
the practically barren area between. 
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Statistics of wells in West Park group, Vinton Row and Lorain Avenue. 


Initial Depreciation. 
No. of well on Date umm UN Initial open Date Life of 
map (fig. 6). | brought in. ERU flow. abandoned. well. 
Р я Period. | Per cent. 
Northern 
district. 1914. Pounds. | Cubic feet. Months. | Months. 
ІЗ Mar. 4 (а) 6, 391, 000 Apr. 16,1915 LEA | Seer oes. Eco EC 
ат. 15 625 786, 700 Sept. 25,1915 18 16 88 
ox 560. 3,823, 400 Oct. 22,1915 19 16 98 
b 305 1, 759, 800 Nov. 29, 1915 ў 
360 681,100. |... e eese 
350 1,554,000 Nov. 29,1914 
300 ў June 22, 1915 
300 ad 
260 
220 1,047,600 
| aa A И с 2,131, 200 
district. 
В... June 6 435 879, 800 Mar. 27,1915 О ose А Ага” 
05225922552. | у 9 940 5, 256, 200 86 
poi me July 14 (?) 300, 000 
ЕВЕ Aug. 21 (?) 2,921, 000 10 
Hine зе М Sept. 9 (?) 6, 670, 800 10 
00225: 222. | 1 Oct. 720 700 4,098, 600 9 
ыраа лл Nov, 13 600 6, 498, 000 8 
Е Рес Dec. 4 470 2, 694, 000 7 
300 сс гу Dee. 11 440 2,494,800 6 
п ИА А 18 550 | 4,389,000 6 
1043 Seance ==> Dec, 22 415 1, 902, 000 Маг. 14,1916 15 6 95 
1915. 
LOD ССА Jan. 5 (?) 1,902, 000 Jan. 24,1916 13 6 80 
106. ..-...:.. Jan. 7 470 0,481, 800.9 аа аа win n nma E 5 53 
DE CETTE Jan. 19 350 2, БОО 000 NERS ае асе [заь Mns sn 4 18 
0922-2. Mar. 26 325 1,554, 000 Маг. 14,1916 12 3 25 


a Not measured till May 26, 1914, when it was 290 pounds. 
b On July 20, 1914, had decreased to 205 pounds. 

Figure 7 shows the initial rock pressures of the wells in the 
two productive districts. The pressure in the northern district at 
the time drilling started was probably less than 800 pounds; the 
first well was not gaged, but the second and third wells, which came 
in 11 days later, had pressures of 625 and 560 pounds. The later 
wells showed steady decrease in pressure, that of well 145, brought in 
eight months after the first well, being only 165 pounds. Four 
months after the first well was finished in the northern district well 
94 was drilled in the southern area and showed an initial pressure 
of only 435 pounds. 'The low pressure of this first well is difficult 
to explain, for the second well started at 940 pounds, and the next 
gaged (the sixth) at 700 pounds. Drilling in this area continued 
for about 10 months with steadily declining pressures, the last well 
starting at 325 pounds. 
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The pressures of all the wells except No. 94 fall close to the curves 
sketched in figure 7. It will be noted that these curves differ some- 
what in shape, but the difference is largely explained by inspection 
of the well drilling curves. In both districts the period of greatest 
decline coincided with the period in which the largest number of 
wells were brought in. The difference in shape is also due in part 
to the fact that only the lower portion of the curve for the southern 


Initial rock pressure, pounds 


Е: 


Ж Producing gas well Dry hole 
о 14, ve Эд. 1 Mile 


Figure 6,—Map of northeastern part of West Park pool, Cleveland, Ohio. Statistics of 
wells in area inclosed by line (referred to as the West Park group) are given in the 
table on page 43 and in figure 7 and Plate II. 


district is shown, for the pressure in this district had already been 
somewhat reduced by older wells a short distance to the northwest. 
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Figure 7.—Sketched curves showing average decline in initial rock pressure in two neigh- 
boring groups of wells in West Park pool, Cleveland, Ohio. B94, B95, etc., refer to 
wells 94, 95, etc., in figure 6. . 

LAKEWOOD GROUP, 
А group of 36 wells in the eastern part of the Lakewood pool 
furnishes another example of the decline of initial pressures. (See 
fig. 8.) These wells are drilled in an area of about 100 acres. 
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Figure 8.—Map of eastern part of Lakewood pool, Cleveland, Ohio. Statistics of wells 
in area inclosed by line (referred to as the Lakewood group) are given in the table on 
page 46 and in figures 9 and 11. 
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Statistics of the wells are given in the accompanying table. 


Statistics of wells in Lakewood group, on Clifton Boulevard east of Nicholson 


Avenue. 
\ 
Tnitial Depreciation. 
No. of wellon| Date | pres- | Initial open Date Life of AG 
map (fig. 8). | brought in. 5 flow. abandoned. well. 
< Period. | Per cent. 
1914, Pounds. | Cubic feet. Months. 
May ; 2,694,000) ее РЕЯ 
4,653,000 | Nov. 29,1915 
4,257,000 | Feb. 12,1915 
1,979,600 | Dec. 18,1914 
2,193,000 | Mar. 11,1915 


н 


2,980,000 | Feb. 18,1916 


. 19,1916 
2,1915 


840,000 | Mar. 4,1915 


661,200 | Sept. 25,1915 
2,000,000 | Mar. 15,1915 
421,200 | Oct. 13,1915 
350,000 | Dec. 22,1914 
350,000 | Dee. 28,1914 
350,000 | Sept. 20,1915 
225,000, | Dec, 31,1914 


421, 200 Jan. 9,1915 (ела m uas Am 


Ў ae Dry. Feb. 8,1915 [ree ende ка 
Мар SM ЕЕ Dry. Маг. 8,1915 Е ma | tale мл, ж 
Average, 7 wells brought 
in prior to Aug. 31, 1914. 713 9150; 000 42 аа аа nce ая» beo danae ee secedere s 
Average, 16 wells brought А 
in between Sept. 1 and Е с 
ОСТАЛО нае. 891170707000 deca Ез Зана аны e E КЫЗ 
Average, 13 wells brought 
in after Nov. 1, 1915.... 2054- 600, 000-1: Е ааа amemus pag EET 


а Plugged and abandoned, 


The decline of initial pressure is shown in figure 9. The first well 
had an initial pressure of 950 pounds, and later wells showed in- 
creasingly lower pressures. Four wells finished six months later 
averaged 267 pounds, but of the last seven wells drilled two were 
reported as dry and four had pressures so small that they were im- 
mediately abandoned. Comparison of the curves showing well drill- 
ing and decline in pressure indicates plainly that the period of 
greatest decline was that in which the largest number of wells were 
brought in. s 

Despite the considerable number of wells involved their initial 
pressures fall close to the average shown by the curve sketched in 
figure 9. Wells 48, 62, and 66 started at pressures somewhat above 
the average, which is explained by their distance from the wells 
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previously drilled. The abnormally low pressure of well 39 is pre- 
sumably due to the fact that it is only a few hundred feet from 
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an earlier well, Хо. 36. АП the later wells except Nos. 62 and 66 were 
drilled close to wells that had been producing for some months, and 
their initial pressures and flows were therefore very low. 


\ 


48 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1917, PART II. 
RATE OF DECLINE OF PRESSURE IN RELATION TO ACREAGE. 


The initial pressures of several other groups of wells have been 
tabulated by the writer, but a detailed presentation of the results 
would be merely repetition of the figures and the curves already 


Acres per well 


40 50 60 70 80 90 100 
Decrease in pressure, pounds per, month 


Етс0вю 10,—Diagram showing relation of rate of decline of rock pressure to acreage per 
well in Cleveland field, Ohio. Points represent groups of wells in various parts of field, 
as follows: A, Rockport group, 12 wells; B, West Park group, 29 wells near Vinton 
Row; B', 32 wells near Lorain Avenue and Bunts Road; C, Lakewood group, 32 wells 
east of Nicholson Avenue; C', 11 wells west of Nicholson Avenue; D, Brooklyn group, 
25 wells; E, 18 wells at Puritas Springs and Harrington roads. (Curve shown is 
sketched, not computed.) 


discussed. Providing the area involved is not over 150 acres and 
the sand is productive throughout, the initial pressures decline on 
a fairly regular curve, which is believed to be essentially similar 
to and only slightly higher than the curve for decline in pressure 
during the life of individual wells. 
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That the rate of decline in pressure depends on the rate at which 
the gas is removed is shown by the fact that in each area the 
period of greatest decline was that in which the largest number of 
wells were brought in. As the rate at which gas is removed depends 
in a broad sense on the number of wells per unit area, the average 
rate of decline in pressure would be expected to vary with the 
acreage per well. Accordingly in each of the groups studied the 
difference between the initial pressures of the first and last wells 
was divided by the number of months in order to arrive at the 
average decrease in pressure per month. These figures, with the 
acreage per well in each group, are plotted in figure 10. 

The points plotted in this figure indicate a distinct relation 
between the rate of decline in pressure and the acreage per well. 
Some irregularities are to be expected, for the minor factors influ- 
encing the rate of decline in pressure are very complex and include 
the relations of the group to neighboring wells, the capacities of the 
wells represented, and the relation of the period of greatest drilling 
to the whole period considered. These subordinate factors are 
minimized, however, by the fact that seven groups in different 
parts of the field, comprising in all 159 wells, are represented. 
There is therefore no question as to the general correctness of the 
relations shown, and it may confidently be asserted that if the 
Lakewood group had consisted of only 15 or 18 wells instead of 36 
the pressure would have declined only about half as rapidly. 

It is unfortunate that data are not available to show the rate of 
decline in pressure with an area of 40 acres or more to the well, for 
the figures of acreage used are lower than those in most gas fields. 
and as the curve can not be extrapolated without more data it can 
not be directly applied in many other areas. It is evident that the 
curve for higher acreages would be much steeper and that a small 
difference in acreage would have less effect on the rate of decline in 
pressure. It is also probable that many minor factors would become 
more prominent and introduce more irregularities, though the same 
general relation would undoubtedly hold. 


RELATION OF ROCK PRESSURE TO FLOW. 


OPEN FLOW. 


The decline of initial rock pressure has been discussed in some de- 
tail because the data are fairly complete. Its relation to the decline 
in flow is of more direct economie interest. It has already been 
pointed out that the volume of flow is greatly influenced by the 
porosity of the sand; where the sand is tight a well yielding a very 
small flow may register a high pressure. On the other hand, how- 
ever, a large flow is usually associated with a high pressure. If the 
gas were contained in a tank or reservoir, or if the sand were entirely 
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uniform in porosity, there would be a direct and definite relation be- 
As a matter of fact, if the sand has a 


tween pressure and flow. 


Пе ааваа отага аитат ая арта 
ШШЕ аца пена Гара а 
ЕШ ЕЕ ИГРЕ ЕТ неа 
ЕИ ИШИ ИЕШЕ НЕЕ 
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fairly uniform porosity under a given area and if a number of 
wells sufficiently large to eliminate the minor variations are con- 
sidered, it is found that there is a definite average relation between 
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Initial rock pressure, pounds 


pressure in 29 wells in Lakewood 


Curve shown is computed from formula 3, page 51, 


(See figs. 8 and 9 and table, p. 46.) 


FIGURE 11.—Curve showing decrease in initial open flow with decrease in initial rock 
group, Cleveland, Ohio. 
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pressure and flow, from which, however, individual wells may show 
wide variation. 

In order to show the relation between pressure and flow the 29 
wells in the Lakewood group have been selected, because these wells 
are believed to be typical and because the data concerning them are 
more nearly complete than those concerning other groups. The 
initial rock pressure and initial open flow of these wells are given 
on page 46 and are plotted in figure 11. It will be noted that the 
pressure and flow are roughly proportional and that the curve shown 
is a straight line. 

С. E. Van Orstrand, who computed the curve, discusses methods of 
representing the relations of flow and pressure as follows: 

The following empirical formulas have been used to represent the relation 
between discharge and rock pressure: 


2.0 1 
[10/5:0.00100: | (9% (14.6) 
0, 
2 Tes Бун сд oe (P= Do) ewe ene eee ЕНЕ М 2 
ЗП ар Ў заа ТЕКЕС ЛЕ О ЫЫЫ: 4.5 
(4) v—0.004269 (b —Po)-F0/506000033 (peo И ЕС eic СЙ! үл 


In these equations v—volume of gas discharged in 24 hours, p=rock pressure 
in pounds, po=14.6 pounds. 

The numbers in parentheses at the right are the sums of the squares of the 
differences between the observed and computed values of v. On applying the 
usual least-square criterion that this sum must be a minimum, it appears that 
there is practically no choice between the first four equations, 

The first equation is a simplified form of the theoretical equation used by 
Robinson * to express the volume of discharge (v) as a function of the internal 
gas pressure (p) and the external pressure (po) of the atmosphere into which 
the gas is discharged. The exponent (m) of the theoretical equation has been 
retained, but the remaining theoretical constants have been replaced by a single 
empirical constant. If we designate by y the ratio of specific heats at con- 
stant temperature and volume, we have the theoretical relation 

TO s 

y—1 
Robinson gives > 
n=3.451 y=1.408 тя 


whereas our first equation gives 
Va 
n=2.0+ y=2.0 — еу 


No particular significance is attached to these results, but it is of importance 
to know that there is no evidence of disagreement between theory and the-ob- 


served values, 

The second equation contains two terms only of Robinson’s expansion in infinite 
series of the theoretical equation. The remaining equations are simply inter- 
polation formulas selected chiefly for the convenience of investigators who may 
desire to determine analytical expressions for the representation of similar 


data. 
tt a a а i a e aS лаагаа AE eR 

1 Robinson, S. W., Measurement of gas wells and other streams and the piping of natural 
gas: Ohio Geol. Survey Rept., vol. 6, pp. 548-594, 1888. For the theory of efllux of 
gases, see Lamb’s Hydrodynamics, p. 23, Cambridge University Press, 1906, 


| 
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Figure 11, in connection with the foregoing discussion, shows 
clearly that, as would be expected, there is a definite reiation between 
the initial rock pressure and the initial open flow of the average well. 
In applying any of the formulas to wells in other areas it will, of 
course, be necessary to alter the empirical constants, for in some 
fields an initial pressure of 1,000 pounds is associated with a flow sev- 
eral times greater than in the Lakewood pool. In other words, the 
position of the curve varies according to the locality; its form, how- 
ever, should not vary greatly, and that shown in figure 11 is typical. 

The important practical consideration is that the later-wells in a 
pool, having lower initial pressures than the earlier wells, are likely 
to have smaller flows. The rate of decline in pressure and the rela- 
tion between pressure and flow are by no means invariable, but in a 
small pool they may be determined closely enough to permit a calcu- 
lation, according to the theory of probability, of the flow and pres- 
sure of a well brought in on any date. For example, when the rock 
pressure in the Lakewood pool had declined to 215 pounds, in Novem- 
ber, 1914, the chances were about 60 in 100 that the open flow of a 
new well would be less than 1,500,000 cubic feet and only 1 in 100 
that it would, exceed 2,750,000 cubic feet. The derivation of these 
figures and the application of the theory of probability to new wells 
are discussed in more detail on pages 61-64. 

The equations given above indicate further that the decline in 
pressure during the life of the wells was about proportional to the 
decline in flow. According to Boyle’s law, if the volume of gas re- 
mains constant the quantity must decrease about as the pressure 
decreases, and the rate of decline in pressure is therefore a rather 
accurate index of the amount of gas remaining in the sand. This 
conclusion, of course, is based on the assumption that water or oil 
does not follow up the gas and thus maintain the pressure, a condi- 
tion which does not seem to exist in the Cleveland field. 


FLOW AGAINST LINE PRESSURE (PRODUCTION). 


Although the rock pressure and open flow of a well are generally 
accepted as the indexes of its capacity, the quantity of gas that it de- 
livers into the pipe line is of course the direct measure of its value. 
In eastern gas fields it is customary to maintain in the pipe line a 
pressure of 15 to 150 pounds, and this pressure must be overcome by 
the gas that enters the pipe line from the well. The effective pres- 


_sure of the well is thus its rock pressure minus the line pressure, and 


as the volume of flow depends partly on the pressure the delivery 
into the line is probably always smaller than the open flow, which 
overcomes only the atmospheric pressure of 15 pounds. This is 
shown by the following data of well 74 in the Lakewood pool (fig. 8) : 
Open flow, 2,623,640 cubic feet; rock pressure, 720 pounds. 
Delivery into line, 1,977,651 cubic feet; line pressure, 147 pounds. 
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The open flow of 2,623,640 cubic feet was made with an effective 
pressure of 705 (720 minus 15) pounds, whereas the delivery of 
1,977,651 cubic feet, which is 75.4 per cent of the open flow, was 
made with an effective pressure of 513 (720 minus 147) pounds. It 
is evident that when the pressure in this well had declined to 
147 pounds, if the line pressure remained constant the flow from 
the well into the line would cease, though a considerable open flow 
would still be available. Hence, the lower the rock pressure in a 
well the smaller is the proportion of the open flow delivered into 
the line. 

Data showing the exact ratio between open flow and flow into the 
line are unfortunately not available for other wells, but some idea 
of the relation may be obtained by comparing the initial open flow 
with the average daily delivery for the first 80 days. This compari- 
son of course introduces another factor of indeterminate value—the 
decline of flow during the 30 days—and the comparison is therefore 
really between the open flow on the first day and the flow into the line 
on the fifteenth day. As the rate of decline is variable, the figures 
obtained in this way have little quantitative value, but they are of 
practical interest as showing that few wells deliver daily during 
the first month more than half their initial open flow. The accom- 
panying table gives the records of as many wells in the West Park 
and Lakewood groups as are available, 


Percentage of initial open flow delivered against line pressure under different 
rock pressures. 


>, 
No. of well Average | Fer cent 
Dana Pd dailv of initial 
nap. Tnitial delivery | Open flow | Initial 
open flow, dung | delivered rock 
—— f first day. first? pary dun pressure. 
> 19 
Fig. 6, | Fig. 8. month» | $28 first 
Cubic feet. Cubic feet. Pounds. 
5,250,000 | 1,797,000 34 940 
2; 067, 000 862; 000 42 720 
4,098,000 | 2,201,000 54 700 
3,617,000 912, 000 25 625 
6, 498, 000 2, 554, 000 89 600 
3, 500, 000 1, 260, 000 36 565 
3, 823, 000 1, 982, 000 52 560 
1,389, 000 ? 227, 000 51 550 
2, 125, 000 673, 000 32 510 
2,304, 000 580, 000 26 470 
2; 694; 000 802, 000 30 470 
5 3, 781, 000 1, 109, 000 29 470 
RS 9, 494, 000 1, 130, 000 45 440 
ers 1, 245, 000 437, 000 35 435 
b cv 879, 000 596, 000 68 435 
Ве 1, 902,000 639,000 84 415 
E to 2,500, 000 605,000 24 350 
Ber 5 554, 000 417, 000 27 825 
«ает 1, 760, 000 375, 000 21 305 
DESEE 189, 000 119, 000 15 270 
МЕР 74 d 421, 000 81, 000 19 225 
ку а 1, 048, 000 339, 000 32 220 


a Against atmospherie pressure (15 pounds), 
b Against line pressure (140 to 150 pounds). 
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In figure 12 the percentage figures given in the fourth column 
of this table are plotted with the initial rock pressure; and it will 
be noted that there is a distinct relation between the two. When 
the rock pressures are high there is apparently little variation in 
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"Per cent.of initial open flow delivered daily during, first month 
(against line pressure of 140-150 pounds) 

Ficurn 12.—Sketched curve showing decrease in percentage of open flow delivered into 
pipe line (against pressure of 140 to 150 pounds) with decreasing rock pressure, Cleve- 
land field, Ohio. The percentage figures were obtained by dividing the average daily 
delivery during the first month by the initial open flow and therefore take into account 
the normal decline of the well during the first 15 days. (See table, р. 53, and text.) 
They are 10 to 25 per cent lower than figures representing open flow and delivery on 
the same day, but they show plainly that the discrepancy between open flow and actual 
delivery is especially large in wells having low rock pressure, 


the delivery, but as the rock pressure declines the delivery drops 
off sharply. In other words, wells brought in after the rock pres- 


sure has declined to 800 pounds or so not only are likely to have 
small open flows but they can not deliver as large a percentage 
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of their open flow as the earlier high-pressure wells сап. This 
consideration reduces still further the probable financial returns 
from the average late well. 


DECLINE OF PRODUCTION. 


~ 


WEST PARK GROUP. 


As the volume of open flow depends chiefly on the rock pressure, 
a general idea of the decline in the flow of wells in various parts of 
the field may be obtained from the records of decline in pressure 
already given. These figures can not be translated directly into 
statistics of production, however, because with a constant line pres- 
sure the quantity of gas delivered by the well decreases faster than 
the rock pressure or the open flow. 

Though detailed records of the decline of individual wells are 
not available, measurements of the total decline in a given period 
have been determined for a number of wells. These figures, ex- 
pressed as percentages, are given in the columns headed “ Deprecia- 
tion” in the foregoing tables. As records of the decline of all the 
wells in the southern district of the West Park group are available 
the decline in that group may be considered in detail. (See table, 
p. 43.) 

In Plate II the average daily delivery of each well during its 
first month and during July, 1915, are plotted, and the two points 
thus obtained for each well are connected by a straight line. The 
line represents the total decline of the well for the period involved, 
and is therefore a summary of the detailed decline curve. The 
curve showing by months the total production of the group was 
then constructed by adding the average daily delivery of each well. 
A curve showing the number of wells producing each month is also 
given at the top of the diagram. 

The most striking feature shown by the diagram is the general 
uniformity in the rate of decline of individual wells. Two of the 
earliest wells brought in were small and soon became exhausted, 
but the remaining wells drilled in 1914 started with fairly large 
flows. With one exception all of the wells brought in during 1915 
were moderate or small, but as they declined at about the same rate 
as the earlier ones the daily production of all wells on July 31 ap- 
proximated the same figure. In other words, the earlier wells in 
the group obtained the “flush” production; the later wells, starting 
with smaller flows and declining at the same rate, were about as 
nearly exhausted on July 31 as the wells that had been producing 
considerably longer. The writer has no exact information as to 
the rate of decline after July 31, but it is well known that the rate 
decreases toward the end of the life of the wells and that a small 
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production may be maintained for many months. Thus well 104, 
which had declined 95 per cent by July 31, 1915, was not abandoned 
until March 14, 1916, and well 105, which had declined 80 per cent 
by July 31, 1915, continued to produce a little until January 24, 1916. 

Although most of the wells whose decline is shown in Plate II 
declined at a fairly uniform rate, a few departed rather widely from 
the average. These variations are doubtless due chiefly to differ- 
ences in the percentage of time that the wells were producing. This 
factor is particularly important with respect to gas wells, because 
it varies greatly with the season, the demand for gas being much 
greater during the winter. Many wells in the Cleveland field that 
produce practically 100 per cent. of the time during the winter 
are closed more than 50 per cent of the time during the summer, 
and as the life of a gas well is generally short compared with that 
of an oil well this seasonal fluctuation has a correspondingly greater 
effect on the curve of decline in production. In compiling Plate IT 
the production of the wells was divided by the percentage of time 
that they produced in order to obtain comparable figures represent- 
ing as closely as possible their maximum capacity. Although this is 
the simplest method of standardizing the figures it is not wholly 
satisfactory in representing the decline, for a well producing only 10 
per cent of the time would decline more slowly than one producing 
continuously. Most of the wells represented in the diagram were 
brought in before or during the winter, and were therefore operated 
almost continuously for some time, but wells 107 and 108 did not 
begin to produce until spring. Well 107 was allowed to flow only 
38 per cent of the time during the first month and only 14 per cent 
during July, and its decline curve is therefore much flatter than that 
of any earlier well. 

The aggregate production of the whole group attained its maxi- 
mum on February 1, and it is interesting to note that the added pro- 
duetion of the four wells completed after that date did not suffice 
to prevent a steady and rapid decline in the production of the group. 
As the number of wells per unit area has much to do with the rate 
of decline in pressure and therefore with the rate of decline in pro- 
duction, it is evident that if the four last wells had not been drilled 
the production of the earlier wells would not have declined so rapidly. 
With one possible exception none of the four last wells produced 
enough gas to pay for itself; these wells served merely to shorten 
the life of the earlier ones. As a matter of fact the records of de- 
cline in pressure given in figure 10 indicate that one or two wells 
would have been able in two or three years to drain all the gas from 
the area under consideration, and that the remaining 13 were there- 
fore unnecessary; but Plate II shows clearly the loss entailed by 
drilling at least the last four. 
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CLEVELAND GAS FIELD, OHIO. 


AVERAGE DECLINE OF WELLS IN THE CLEVELAND FIELD, 


In order to obtain a more representative and detailed curve of the 
decline in production the records of over 350 wells have been com- 
piled as a basis for the composite curve shown in figure 13. "These 
wells include more than three-fourths of all those that produced 
gas prior to July 1, 1915, but it should be noted that most of them 
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Ficurn 13.—Diagram showing average decline in production of over 350 wells in the 
Cleveland field, Ohio (mostly in the Lakewood and West Fark pools). Points represent 
average decline of different groups of wells for different periods; sketched curve may 
фе considered a generalized representation of the decline of the average well. 


are in the thickly drilled Lakewood and West Park districts, 
where the decline is undoubtedly more rapid than in the recently 
developed territory to the south. The figures on which this curve 
are based are of the same kind as those just considered, and represent 
a comparison of the first month’s production of each well with its 
production during July, 1915, the latter being expressed as a per- 
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centage of the former. In this way the average decline of a number 
of wells during a period of two months, of a number of others dur- 
ing a period of three months, and so on, were obtained. Wells that 
had been abandoned before July 31 were also included; the decline 
of a well abandoned at the end of three months, for example, was 
taken as 100 per cent and averaged in with those of the wells that 
started to produce three months prior to July 31. The following 
table shows the average decline at the end of each month from the 
2d to the 20th and also the approximate number of wells entering 
into each average: 


Decline in production of wells in Cleveland field. 


nue Per cent Бш Per cent 
ШШ of first о of first 
Month, stati Е month’s Month. stati me month’s 
dvor produe- aver. | produc- 
aged. tion. aged.a tion, 
9 50 || Twelfth. . 12 7 
26 56 || Thirteenth. 5 5 
64 45 || Fourteenth. 3 8 
61 41 || Fifteenth... E 1 14 
46 2111] Sixteenth е 8 2 7 
31 32 || Seventeenth..............---- 2 11 
30 21 || Eighteenth.:::-....--:22212-. 2 16 
18 21 || Nineteenth.........-.-.-...-- 1 9 
18 21. || Twentieth2 26036 UE, 1 11 
13 15 | Thirty-fifthz наз 1 13 


а In general one measuring station represents one well; but a few stations include the gas from several 
neighboring wells. 


The records of a fairly large number of wells enter into the 
average for each month from the 2d to the 12th, but the averages 
for longer periods are based on the records of so few wells that 
they can not be considered reliable. One well, for example, pro- 
duced 13 per cent in the thirty-fifth month, though 12 wells averaged 
only 7 per cent in the twelfth month. Accordingly only the aver- 
ages up to the fourteenth month were taken into account in sketch- 
ing the average curve shown in figure 18. 

Despite the many factors that cause one well to decline more 
rapidly than another, the figures up to the twelfth month are rea- 
sonably concordant, and, as the curve shown is based on the records 
of nearly all the wells that produced prior to July 1, 1915, and as 
these wells came in at different times and with different pressures 
and flows, it may be regarded as representing in a general way the 
decline of the older part of the field. It is also believed to be fairly 
representative of the decline of the average well in any district 
drilled as closely as the older part of the Cleveland field. 
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The life of a gas well depends primarily on the rate of decline 
of the flow and pressure, and as the flow and pressure decline at 
much the same rate in all the wells in a small pool, the last wells 
drilled will evidently be shorter lived than the earlier ones. If 
the sand were uniformly porous throughout the area and the wells 
were finished and operated in the same way they would all reach 
the point of abandonment at the same time. These conditions are 
seldom found, however; and, furthermore, economic considerations 
dictate the abandonment of some wells sooner than others. The 
statistical tables on the preceding pages show the dates on which 
many of the wells were abandoned, and it will be noted that the 
length of the productive period varied greatly. A number of wells 
became exhausted in three or four months; others produced for two 
years; one or two have lasted more than three years and are still 
producing. The exact date on which a well is abandoned is of 
little importance, for figure 13 indicates that in this field, in general, 
over 80 per cent of the total production of the well is obtained 
during the first 12 months, though it may continue to produce a 
little for a year or so. 

On June 1, 1916, 855 gas wells had been drilled and at least 325, or 
38 per cent, had been abandoned. The life of the average well in the 
most thickly drilled parts of the field is probably about 12 months, 
but the average well in the districts now being developed should 
produce for several years. The decline curve shown in figure 13, 
which is based on the records of wells in the most crowded and the 
moderately crowded parts of the field, indicates that the life of the 
average well in those districts is about 18 months. 


DECLINE OF ROCK PRESSURE AS A GUIDE IN NEW 
DEVELOPMENT, 


FACTORS IN DETERMINING THE PROPER ACREAGE PER WELL. 


One of the most important problems confronting the gas-producing 
industry is that of determining the smallest number of wells capable 
of removing all the gas from under a given tract of land in the most 
economical manner possible. So many complex factors enter into 
this problem that few systematic attempts have been made to solve 
it, and gas operators have in general been content to accept rough 
estimates of the number of wells that should be drilled per unit area. 
In some localities it is held that only one well should be drilled to 
each 800 acres, although in others it is customary to drill a well in 
each 20 or 40 acres. With present knowledge this must be to some 
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extent a matter of opinion, but it is very doubtful if any limit can 
be chosen that will be applicable in all gas fields, for the acreage 
required will vary according to the structure of the field, the porosity 
and thickness of the sand, and the relation of the gas to water. 

In practice the problem is further complicated by economie fac- 
tors, important among which are the price of gas and the size of the 
parcels in which the land is held or the number of companies oper- 
ating in the field. It is evident that one operator controlling a large | 
acreage and not subject to sharp competition is in a position to de- 
velop his territory more economically than a number of operators. 
each controlling a small tract of land and each endeavoring to pro- 
duce gas before his neighbor. Only a few fields in the United States 
are controlled entirely by single operators, and the question as to 
the best procedure in those fields need not be considered here. "There 
are many fields, however, that have been developed by a number of 
small companies, and in such fields the tendency is always to drill a 
larger number of wells than is necessary or profitable. This tend- 
ency is so strong that in some places wells have been drilled after the 
field has become so nearly exhausted that the new wells can not possi- 
bly produce enough gas to pay for the cost of drilling. 

In the Cleveland field the tendency to drill too closely is strikingly 
exemplified and has led to considerable financial loss. On June 1, 
1916, there were 1,009 wells and dry holes in the field, representing 
an expenditure for drilling alone of about $5,500,000. The total 
production of the field to January 1, 1916, was about 50,000,000,000 
cubic feet, and the decline curves given warrant the belief that no 
more than 40,000,000,000 cubic feet will be obtained in the future. 
If the total production of the 1,009 wells is assumed to be 90,000,- 
000,000 cubic feet, the total value of the gas produced, at 6 cents a 
thousand, the price paid by the East Ohio Gas Co., is only $5,400,000, 
or $100,000 less than the outlay for drilling expenses alone. If 
royalties and ordinary producing expenses are also considered, this 
operators' deficit is increased many times. 

There are some operators in the Cleveland field, however, who 
have made money, and they are in general the owners-of the earliest 
wells in a given locality. Practically none of the wells brought in 
after the local rock pressure had declined to a third of its original 
amount produced enough gas to pay for themselves, and few of the 
wells drilled after the pressure had declined one-half were profitable. 
As shown by the figures already given, this is due to the facts that 
the later wells, having lower initial pressures, generally have smaller 
initial open flows; that as their pressures are lower they deliver a 
smaller percentage of their open flow into the pipe line; and that 
they decline about as rapidly as the older wells, and their productive 
period is therefore shorter. 
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Tt is evident that there is a point in the development of any pool 
after which new wells drilled will not produce enough gas to be 
profitable; and as the tendency to overdrill is by no means confined 
to the Cleveland field, it is important to determine this point for the 
benefit of operators in general. In the writer’s opinion a study of 
the rate of decline in pressure furnishes an excellent basis for deter- 
mining the point at which new drilling should cease. From that 
rate the probable initial open flow of a new well can be estimated 
and from the decline curve of the average well (such as that shown 
in fig. 13) the probable total production of the well can be roughly 
ascertained. It will then be a simple matter to determine the value 
of this probable total production and to balance it against the cost 
of drilling and producing. This method is of course based largely 
on the theory of probability and may not give results precise enough 
to be of practical value in specific instances, but it is at least more 
rational than a rough guess as to the number of acres that should 
be allowed for each well. 


APPLICATION OF THE THEORY OF PROBABILITY IN ESTIMATING THE 
CAPACITY OF A NEW WELL. 


By C. E. VAN ORSTRAND. 


The formulas given on page 51 indicate that there is a definite 
and direct relation between the initial rock pressures and initial 
open flows of the wells in the Lakewood group. There is undoubt- 
edly an equally definite relation between the initial pressures and 
open flows of the wells in any small group in any field; but in 
applying the formulas in other areas it would, of course, be neces- 
sary to change the empirical constants shown. The formulas in 
their present form therefore apply to the wells in the Lakewood 
group, but they are also susceptible of an entirely different appli- 
cation. They may be used to determine the probability that a 
well brought in with a given initial rock pressure will have an 
initial open flow falling between certain given limits; or, if the 
rate of decline in pressure is known, they may be used to deter- 
mine the probable open flow of a well brought in on a given day. 
In other words, the differences between the observed points and 
corresponding points on the straight line (fig. 11) may be treated 
as residuals in the theory of errors. To use the theory of proba- 
bility as a basis for estimating the capacity of a new gas well is 
just as rational as to use it as a basis for fixing life insurance 
premiums, though in practice the data are fewer, and the method 
will therefore be somewhat less precise. 

In the following caleulations the term discharge is used as 
synonymous with open flow. It is stated in millions of cubic feet, 

69811°—17. 5 
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so that a discharge of 0.5, for example, means 500,000 cubic feet 
per 24 hours. 


Let v,—observed discharge. 
v,—computed discharge. 
Vo-V-=residual. 
N=number of observed values. 
7—probable error of observation of weight unity. 


The quantity r is then given by the well-known least-square 
equation : 


pad Б [5 (v =U)? 
RU азі” 


The following table, which is based on 29 pairs of measurements 
of pressure and discharge in the Lakewood group, contains all of 
the quantities needed for the evaluation of 7. (See table, p. 46.) 
The values of ve were computed from formula 3 (p. 51), which is 
represented by the straight line in figure 11. 


Comparison of observed and computed values of discharge (v) in relation to 
pressure (p) for wells in Lakewood group. 


p vo Ve (vo—ve) p Фо Uc (vo—"vc) 
950 2. 694 4.012 —1.318 625 3.617 2.618 +0. 999 
890 4. 653 3. 755 898 435 1. 245 1. 808 — .558 
810 4. 257 3.412 + .845 470 2.304 1.953 + .351 
650 1.980 2.725 — .745 290 .350 1. 181 — .831 
490 2. 193 2. 039 + .154 325 1.759 1.331 + .428 
625 2. 980 2.618 + .362 460 1. 250 1.910 — .660 
580 3.258 2.425 + .833 330 2.457 1.353 -F1.104 
600 3.465 2.511 + .954 270 . 789 1.095 — .306 
515 1.629 2.146 — .517 215 . 900 . 860 + .040 
545 1.812 2.275 — .463 280 .840 1.138 — .208 
570 1.554 2.382 — .828 205 . 661 ‚817 — .156 
600 1.580 2.082 — .502 360 2.000 1.482 +, .518 
565 3.500 2. 361 +1.139 225 421 . 902 — .481 
720 2. 067 3. 026 — .959 280 +350 1.138 — .788 
510 2. 125 2.125 000 
У (Vo—vc)?=14. 497 


By substituting in the equation above the values V=29 and 
У (Vo—Ve)?=14.50, we get 


7==0.49 


To interpret the meaning of 7, two lines may be drawn parallel 
to the straight line in figure 11, the one 0.49 unit above, the other 
0.49 unit below the computed line. Then it is an even chance, or 
the probability is 0.5, that an observed point selected at random 
falls between these limits. In other words, one-half of the observed 
points should be included in the area between the two parallel lines. 
Similarly, one-half of the values of (v.—v,) given in the foregoing 
table should be less in numerical magnitude than 0.49. 
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In order to apply this method to a particular case, let it be re- 
quired to find the probability that the discharge of a well under a 
given initial rock pressure will fall between certain prescribed lim- 
its. For example, reference to the table on page 46 or to figure 9 
shows that well 58, brought in November 5, had an initial pres- 
sure of 215 pounds and a flow or discharge of 900,000 cubic feet. 
Let it be assumed for the moment that the initial pressure of this 
well is known or has been correctly estimated from the curve of 
decline in pressure, and let it be required to find the probable flow 
or discharge at this pressure. The 23 wells brought in prior to 
November 5 furnish 23 pairs of observed values of the relation of 
flow and pressure. From these data may be found by least squares 
(or by graphic methods) the equation 


v=0.00432 (p—po) 


which differs but slightly from the equation derived from all 29 
observations and represented by formula 3. The value of 7 then 
becomes 0.52 instead of 0.49. The close agreement of the two con- 
stants shows that sufficient data were at hand on November 5 to 
extend the line slightly beyond the points representing all the ob- 
servations that had been made at that time. Assuming the possi- 
bility of this extension and substituting p=215 in the last equation 
we have 
v=0.87 (or 870,000 cubic feet). 


The following table gives the probability (P) that the discharge 
(v) of a well in the Lakewood group, having an initial rock pres- 
sure on November 5 of 915 pounds, will fall between the limits 
0.87--2 and 0.87--г. The ratio z being equal to 0.52, is the argu- 
ment used in the evaluation of P from tables of the probability 
integral.* 


Probability that the discharge of a new well having an initial rock pressure of 
215 pounds will fall within certain limits. 


Range of v (millions of cubic feet). £ = P 


Between 0.74 and 1.00 0.13 0.25 0.14 
Between 0.49 and 1.25 +38 . 73 .38 
Between 0.24 and 1. . 63 1.21 „59 
Between 0.00 and 1.74 87 1.07 .74 
Greater than 2.00. . 1.13 KIT ‚14 
Greater роо а scia eaa tacos ден Ru naa | 1.88 3.62 .01 


The table shows that there were 14 chances in 100 that the dis- 
charge of a well in this group, possessing an initial rock pressure 
of 215 pounds, would fall between the limits 0.74 and 1.00, con- 


1 See, for example, Merriman, Mansfield, Method of least squares, Table II. 
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versely that there were 86 chances in 100 that the discharge would 
be less than 0.74 or greater than 1.00. Similarly, the chances were 
59 in 100 that the discharge would fall between 0.24 and 1.50, and 
only 41 that it would fall outside of these limits. The last value in 
the table shows that there was only 1 chance in 100 that the discharge 
would exceed 2.75. 

In the foregoing example it was assumed that the initial pressure 
of the new well was known to be 215 pounds. Аз a matter of fact, 
however, this figure could be obtained only by extrapolating the 
curve of decline in pressure, and the determination of the probable 
pressure of a new well is therefore also subject to the law of proba- 
bility. The following table is based on time and pressure instead 
of on pressure and discharge. It gives the probability (P) that a 
well drilled on November 5 would have a rock pressure (p) within 
given limits. The values r=0.52, and p=270, which were used in 
computing the table, are based on the curve sketched in figure 9. 


Probability that the rock pressure of а well brought in November 5 would fall 
within certain limits, 


Range of p (pounds). x E te 
остео 240 апа ВО MED se tenes AERA ele noel ee E MEE 30 0.58 0.30 
Between 90 ада 300.9 ИЕ aerate lets EE ое 80 1.54 «70 
Between 140 and 400/9957 ао ааа 130 2. 50 «91 
Between 90 and 450 22% isenana oier a аба ане зер s «mie uo d Epsum eus Ee 180 3.46 .98 


In the first example given discharge or flow was computed as a 
function of pressure, and in the second pressure was computed as a 
function of time. It is evident that a third method is possible, 
wherein discharge is computed or plotted as a function of time. 
By this method the probability that the initial flow of a well brought 
in on a given date will fall within given limits may be determined 
directly. 


VALUATION OF A WELL FROM ITS INITIAL PRESSURE AND FLOW, 


In the foregoing examples Mr. Van Orstrand has demonstrated 
the practicability of estimating the probable initial pressure or flow 
of a new well from the initial pressures and flows of the earlier 
wells in the group; it now remains to consider briefly the valuation 
of a well on the basis of its initial performance, as thus estimated. 
The first example given above indicates that a well drilled in Novem- 
ber, 1914, in the Lakewood group and having an initial pressure of 
215 pounds should theoretically (according to the data available at 
that time) have an initial flow of 870,000 cubic feet; that the chances 
were about 60 in 100 that the flow would not exceed 1,150,000 cubic 
feet; and that there was only 1 chance in 100 that the flow would 


CLEVELAND GAS FIELD, OHIO. 65 


exceed 2,750,000 cubic feet. As an extreme case let it be assumed 
that the smallest chance is accepted, and that it is desired to deter- 
mine the value of a well having an initial flow of 2,750,000 cubic 
feet and a pressure of 215 pounds. 

The first problem is that of expressing the production of the well 
in terms of open flow. Welch; in discussing the wells of the Petrolia 
field, Tex., says: | 

There аге no definite mathematical formulas for determining in terms of 
open-flow capacity the amount of gas that can be taken from wells. The 
amount depends, however, on the character of the sand and the pressure of 
the gas within it, the pressure on the pipe line at the mouth of the well, and 
this in turn depends on the pressure at the intake of the compressor station, 
on the size of casing and of the lines from the wells to the station, and the total 
amount of gas being delivered. An empirical figure of 25 per cent of the open- 
flow capacity, which is frequently used, is as high as is safe to expect. 

This statement is borne out by the sketched curve in figure 12, 
which shows the relation between the initial open flow of 22 wells 
and their average daily delivery during the first month. With a 
line pressure of 150 pounds, a well having a rock pressure of 215 
pounds would apparently deliver daily during the first month an 
average of only about 12 per cent of its initial open flow. The de- 
livery of this well on the first day would of course be higher and 
might reach 25 or 85 per cent of the open flow. These data are 
hardly sufficient to warrant a definite conclusion, however, and for 
the present purpose the empirical figure of 25 per cent used by 
Welch may be adopted. 

In order to estimate the total production of a well from its pro- 
duction on the first day, it is necessary to use a curve showing the 
decline of a number of wells whose geologic and technologic features 
are not widely different from those of the well under consideration. 
In the absence of a detailed curve of this kind the curve shown in 
figure 13 may be used. The total content of this curve is 144 that 
is, the average well producing 1,000,000 cubic feet on the first day 
will produce a total of 144,000,000 cubic feet in the course of 18 
months, at the end of which it will be exhausted. In the case under 
consideration the initial open flow is assumed to be 2,750,000 cubic 
feet and the first day’s production 25 per cent of this, or 687,500 
cubic feet. The total production of this well will then be 687,500 
times 144, or about 99,000,000 cubic feet. At 6 cents per thousand 
cubic feet the value of this gas is about $5,950. In the Cleveland 
field this figure barely suffices to cover the cost of drilling, without 
considering royalties or producing expenses, and the well will there- 
fore presumably be a financial loss. "When it is recalled that there 
is only 1 chance in 100 that the open flow of the well would be as 


1 Welch, W. M., The natural-gas resources and supplies of northern Texas and southern 
Oklahoma (unpublished report to Bureau of Mines, 1916). 
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high as the figure chosen, it is evident that there was practically по 
likelihood that the well could produce enough gas to pay even the 
cost of drilling. 


GENERAL APPLICATION OF THE METHOD OUTLINED, 


The method of estimating the probable value of a new well out- 
| lined in the preceding pages is believed to be entirely practicable 
and should be of service in many fields. The accuracy of the results 
will of course depend on the amount of information at hand соп- 
cerning the initial flow and pressure and the rate of decline of other 
| wells in the same locality. However, in order to ascertain whether 
or not a well is likely to pay it is not necessary to determine its exact 
value, but merely to estimate whether the probable value of the gas 
| produced (after deducting royalties) is greater or less than the cost 
of drilling and producing. If the probable value of the well is found 
to be little more than its cost the well should not be drilled, for there 
are in general a sufficient number of hazards in the gas-producing 
industry to necessitate a considerable margin of profit. 

It should be reiterated that the curves and formulas in the pre- 
| ceding pages are given here as simply illustrating methods suscepti- 
ble of general application. They are based wholly on wells in the 
Cleveland field and can not be applied directly in other fields unless 
there is good evidence that the geologic and technologie conditions in 
such fields are similar to those at Cleveland. For example, in the 
case discussed above it was shown that a well in the Lakewood group 
having an initial pressure of 215 pounds would probably not produce 
enough gas to pay for itself; but in some fields a pressure of 215 
pounds may be associated with a flow of more than 5,000,000 cubic feet 
and the well might be highly profitable. The absolute figures doubtless 
vary greatly, but it seems probable that if the ratio of the pressure 
of the well to the original pressure of the pool is considered, a more 
constant criterion may be established. Thus it is safe to state that 
few if any wells in the Cleveland field brought in after the local 
pressure had declined to one-third of its original amount were profit- 
| able, and there is reason to suppose that this generalization will 
apply in many if not in most other gas fields. In the Cleveland field 
a majority of the wells finished after the local pressure had declined 
one-half were probably also unprofitable, but how widely this figure 
can be applied in other fields is at present largely a matter of con- 
jecture. It is probable, however, that in nearly all fields the critical 
point in the decline in pressure, below which new wells are likely to 
be unprofitable, ranges between 65 and 95 per cent of the original 
figure. It is to be hoped that this line of investigation will be fol- 
lowed further, for it is obvious that the determination of a general 
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critical limit for all fields, or at least for all fields of the same 
geologic type, would be of great value to the gas-producing industry. 

In order to estimate the probable value of new wells on the basis 
of declining rock pressure, certain data relating to other wells in 
the same area or in one that is similar geologically are essential. 
For the convenience of those who may desire to pursue this line of 
investigation the necessary information may be tabulated, as fol- 
lows: 

1. The date of completion, the initial rock pressure, and the initial 
open flow of a number of wells. These wells should preferably be 
located in an area in which the sand is fairly homogeneous and in 
which the pressure declines at a fairly uniform rate. 

2. The rock pressure and open flow of a number of wells and 
their delivery into the pipe line on the same day against known line 
pressure. 

3. The rate of decline in the production of a number of wells 
under normal operating conditions. These records should prefer- 
ably cover the whole period from inception to exhaustion, but, as a 
large part of the total production of a well is obtained during the 
first half of its life, the decline curve may be extrapolated without 
introducing serious error. 

4. The price at which the gas is to be sold. 

5. The cost of drilling the well to the depth at which the sand 
is expected, the royalty or property charge, and the producing 
expenses. 

Of the groups of data listed above the one that usually is most 
difficult to obtain is that relating to the decline of wells. Standard 
curves of the decline of wells are essential to the rational develop- 
ment of any field, and the recording of the data necessary to plot 
them can not be too strongly urged upon gas operators. 


SUMMARY. 


The wells in a small pool are closely related to one another, and 
their productivity and its decline are controlled by fairly definite 
laws. 'The figures presented in the foregoing pages are based on 
statistics of wells in the Cleveland field, where water does not seem 
to follow up the gas in the sand. Although these figures show many 
irregularities, they are believed to furnish a sound basis for the fol- 
lowing generalizations, which apply most closely to small pools in 
which water does not follow up the gas: 

1. The initial rock pressure of a new well in a small pool is lower 
that the initial rock pressures of the older wells—that is, the rock 
pressure of all the wells at any one time 1s approximately the same, 
and declines at about the same rate. 
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2. The rate at which the rock pressure declines is controlled by 
the rate at which gas is removed from the sand, or in general practice 
largely by the number of wells per unit area. 

| 8. The initial open flow of a well depends largely on the initial 
rock pressure, being generally small if the pressure is low; hence 
the later wells, having lower pressures, usually have smaller flows. 
than the earlier ones. 

“4. During the life of a well the open flow declines as the rock 
pressure declines, though not at the same or at a uniform rate. 

5. As most wells deliver gas into a pipe line against pressure, the 
quantity of gas they yield is much smaller than their open flow. 

6. The proportion of the open flow delivered into the pipe line 
depends chiefly on the difference between the rock pressure and the 
back (line) pressure; hence the production of a well against a 
constant line pressure normally decreases faster than the rock pres- 
sure or the open flow. 

7. As most of the wells in a small pool decline at about the same 
rate, the life of the later wells is generally shorter than the life of 
the earlier ones. 

8. In general the later wells in a small pool have lower initial 
pressures and smaller flows than the earlier wells; as their pressures 
are lower, they deliver a smaller percentage of their open flow into 
the pipe line; as they decline about as rapidly as the older wells, 
their productive period or life is shorter. In the Cleveland field 
many of the later wells did not produce enough gas to pay the cost 
of drilling. 

9. As the initial pressure of a well chiefly determines its initial 
flow, it is possible, from a study of the record of decline in pressure, 
to estimate in advance of drilling the probable initial flow of a well 
brought in on a given date. The figure obtained may be evaluated 
according to the theory of probability and expressed as so many 
chances in 100. From the probable initial flow of a well an excellent 
idea can be formed of the value of its total production, and by 
balancing this figure against the total cost the profit or loss can be 
roughly ascertained. 

10. The rate of decline of pressure is an accurate and convenient 
index of the stage of exhaustion of a pool and furnishes an excellent 
basis for determining the point at which new development should 
cease. In most gas fields wells drilled after the local pressure has 
declined to one-third of its original amount are probably unprofit- 
able, and in some fields this point may be reached when the pressure 
one-half. A general study of the critical stage 


Nea f great value. 


